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Strategies for preventing and screening for coronary 


heart disease 


M F OLIVER 


From the Cardiovascular Research Unit, University of Edinburgh, Edinburgh 


"Strategy is simple, but not easy"—Clausewitz. 


Intervention in the whole population in order to 
reduce the risk of coronary heart disease through 
altering lifestyles and specific intervention in indi- 
viduals with identified high risk are complementary 
and not opposing strategies. Yet they are valid alter- 
natives in that they present society with different 
choices and uses of its limited resources. To com- 
munity health educators—and evidently to 
epidemiologists—mass intervention is to be preferred. 
To many physicians and cardiologists, the high risk 
strategy is likely to be more attractive. In the best of 
all possible worlds we should be able to afford both 
policies if they truly benefit society. 

But, so far, the results of investment in mass inter- 
vention trials have not been impressive—with a very 
considerable outlay and little or no yield (see later). It 
is argued that such trials are unnecessary because the 
cost of changing lifestyle on a mass population basis is 
really negligible and it is not expensive to promote 
campaigns to tell people to stop smoking, change their 
diet, or take more exercise: such advice is bound to do 
- more good than harm, it is said. 

Yet improved health is not the only need of the 
population. Simply to argue that cigarette smoking 
should be eliminated without taking into account the 
repercussions on economy and employment is a nar- 
row medical view. Similarly, to recommend changes 
in farming policy and farming economy leading to 
reductions in dairy farming by a quarter or a third 
needs much more consideration than it usually gets 
from the health education enthusiasts. Reduction in 
milk production and the requirement for less carcass 
- fat imply a substantial reduction in animal food, of 
which barley is the major component.! Land will be 
released for other purposes but perhaps more than is 
needed for fruit and vegetables. The case for making 


large changes in agricultural strategy, with all its ' 
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repercussions on cereal, fruit, vegetable, and edible 


` oil production and also on the welfare of those work- 


ing in these industries, should surely be based on clear 
evidence that health will improve consequently. This 
evidence is not yet forthcoming. 


Mass intervention for moderate risk 


One of the underlying problems with regard to inter- 
vention to prevent coronary heart disease is the very 
low specificity with which we are able to identify indi- 
viduals at risk. The strength of the concept relating 
risk factors to coronary heart disease lies in their rela- 
tive or proportional risk and not in their absolute risk 
or predictive power. While it is undeniable that those 
with serum cholesterol concentrations or blood pres- 
sure in the top 1096 or 2096 of the population distribu- 
tion have a higher risk than those with lower 
levels,?~* the actual risk is low. Thus two thirds of 
healthy adult men, aged 40—55 years, found to have 
the highest risk (above the eightieth centile) as a result 
of raised cholesterol concentrations (excluding famil- 
ial hypercholesterolaemia) and blood pressure can be 
estimated to remain well over the subsequent 25 
years.? Hopefully, this low specificity will improve 
when some of the emerging measurements of throm- 
bogenic risk have been evaluated as predictors. 

It should not be a surprise, therefore, or particu- 
larly controversial, that intervention to control raised 
cholesterol concentrations and raised blood pressure 
in healthy adult men who are^at moderate risk, even 
when conducted simultaneously and in conjunction 
with reduction of cigarette smoking, has not been 
successful on a mass basis.5 7 What lessons are there 
to learn? One argument, given in defence by 
enthusiasts, is that too little was done too late. We will 
only know if this is true when more has been done 
earlier. But it is impracticable to do much more: for 
example, attempts were made to make a profound 
change in the consumption of dietary fat, along the 
lines recommended by the World Health Organisa- 
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tion, in the Multiple Risk Factor Intervention Trials 
but it is quite clear from the disappointing reduction 
in plasma cholesterol concentrations (let alone the 
lack of change in the incidence of coronary heart dis- 
ease) that compliance was bad—in spite of advice 
received from teams of physicians, dietitians, 
sociologists, and psychologists. To do more with 
regard to the control of blood pressure means the life 
time use of potent drugs with their attendant side 
effects. More might be done, however, with regard to 
cigarette smoking, although the chances of eliminat- 
ing this are negligible. Another common argument 
from those committed to mass intervention is that five 
to 10 years is too short.a period to appraise results of 
trials because coronary atherosclerosis takes many 
years to develop and an equal period may be necessary 
to prove the effectiveness of changes in lifestyle on 
coronary heart disease. May be, but coronary 
atherosclerosis and coronary heart disease do not equ- 
ate, and even successful demonstration of regression 
of coronary atherosclerosis does not necessarily mean 
less coronary heart disease. There are no large ran- 
domised multiple risk factor intervention trials 
against coronary heart disease proceeding into a sec- 
ond decade of testing, and so how shall we know? 
Evidently, we will have to rely on being able to inter- 
pret national trends in coronary heart disease mortal- 
ity rates in terms of prevention policies, but there are 
so many confounding influences that.this does not 
look promising. 


Selective intervention for high risk 


The scientific evidence for intervention in those at 
high risk for coronary heart disease on account of 
hypercholesterolaemia is much better than for those at 
moderate risk. But it is still unsure because the num- 
bers in the two main trials—the Oslo trial’ and the 
Lipid Research Clinic Coronary Primary Prevention 
Trial,!? in which very high (above the ninetieth per- 
centile) serum cholesterol concentrations were 
reduced—are too small and the margins of difference 
in coronary heart disease rates too narrow for it to be 
certain that whether and how big a proportion of 
people will benefit from treatment. In the Oslo Heart 
Study, comprising 1232 men aged 40-49, there was a 
significant reduction (p<0-03) in the mixed end point 
of cardiac death and non-fatal myocardial infarction; 
but there was one case of sudden death in the control 
group with was unexplained” and, were this case not 
to be due to coronary heart disease and were it to have 
been randomised to the intervention group, total 
coronary heart disease and total cardiovascular events 
would not have been significant at the 596 level.!! The 
Lipid Research Clinic Coronary Primary Prevention 
Trial showed a 1996 fall, again in a mixed end point of 


Oliver 
coronary deaths and non-fatal myocardial infarction, 
at the 496 level of significance using a one tail test of 
significance. While the confidence limits of +3% and 
+32% (or —0-196 and +3-5% considering difference 
in risk'') surrounding the main end points do not 


provide a sound enough basis to argue, as the authors% 


have done, that these results provide the basis for 
lowering moderately raised cholesterol and low 
density lipoproteins in populations less highly at risk, 
the consistency between the results of these two trials 
is impressive. Additionally, there were in the Lipid 
Research Clinic Coronary 'Primary Prevention Trial 
non-significant reductions in the incidence of angina, 
abnormal exercise electrocardiogram tests, and refer- 
rals for coronary artery surgery. There was also a 
reduced rate of coronary heart disease incidence in 
three other trials of reducing high concentrations of 
serum cholesterol—the World Health Organisation 
clofibrate tria!!? and the Helsinki Mental Hospitals!? 
and Veterans Administration Studies,!^ where diets 
with a high ratio of polyunsaturated to saturated fats 
were used. 

The frailty of the case is added to by the fact that all 
these studies, including the dietary intervention trials, 
showed an inzrease in non-cardiovascular mortality, 
and in several of them the order of magnitude of this 
increase was comparable to that of the decrease in 
coronary heart disease.'5 The increase in non- 
cardiovascular mortality in the World Health Organ- 
isation clofibrate trial has recently been shown to 
relate closely to the period of administration of the 
drug,'é and the increase in the incidence of oral- 
gastrointestinal cancers which occurred in the Lipid 
Research Clin:c Coronary Primary Prevention choles- 
tyramine trial should not be dismissed as a random 
change in cancer prevalence, since a plausible 
explanation—a change in local pH due to the 
anion-exchange resin—may be advanced. 

It has been argued!” that the results of all trials— 
when lumped together, regardless of treatment and 
regardless of design, numbers, and mixed end 
points—show a mathematically convincing benefit for 
coronary heart disease. This is, to me, too simplistic 
biologically: but, even if it is a valid way to appraise 
the results of trials, the same approach shows an 
adverse effect for total and non-cardiovascular mortal- 
ity which cannot easily be dismissed. 


The basis for intervening in those at high risk оп. 


account of severe hypertension 15 that the incidence of 
strokes is less. Were this not so, it might be hard to 
m&ke a strong case for lowering moderately raised 
blood pressure in order to reduce coronary heart dis- 
ease for the evidence of benefit is unconvincing'® and 
may even, in those with pre-established signs of 
myocardial ischaemia, be harmful.‘ 

Nevertheless, I think that the case for intervention 
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in individuals at very high risk for coronary heart 
disease is greater than the case for doing nothing and 
that we are justified in exposing them to the risks of 
drugs and inconvenience of stringent dietary changes. 
The American Heart Association has recently made 
s appropriate recommendations for the management of 
such people.!9 How may we best identify such indi- 
viduals? 


To screen or not to screen 


Just as there are alternative conceptual approaches to 
intervention, there are alternatives for screening the 

population in order to identify people most at risk for 
coronary heart disease. 

Screening is irrelevant to those who propound a 
policy of mass prevention since they wish to advise the 
whole population to change its lifestyle now. But for 
those ‘who have doubts about the value and practica- 
bility of mass intervention and who-endorse the high 
risk strategy the difficult question of how to screen the 
population simply, cheaply, effectively, and without 
producing anxiety must be addressed. 

The alternatives are to screen the male adult popu- 
lation or to try to identify, mostly through clinical 
expertise, those at maximum risk (case finding). Our 
individual and collective approach to these will 
depend to an extent on that part of medicine we 
represent—community care doctors or practising 
physicians and cardiologists. 

The best policy would, at present, seem to be that 
we should aim at identifying those above the eightieth 
percentile of the distribution of serum cholesterol 
concentrations or blood pressure for that population 
for which it is planned to give advice (this is not 
necessarily the same numerical cut off point for all 
populations). There are three reasons for adopting 
this attitude. One is that the relation of a given risk 


factor to the subsequent development of coronary . 


heart disease is increasingly diluted by other known 
and unknown factors at lower deciles—in other 
words, specificity decreases. It is relatively good at 
high levels: recent figures for the Multiple Risk Fac- 
tor Intervention Trial indicate that nearly 5096 of 
cases of coronary heart disease "attributable" to high 
serum cholesterol concentrations occur in those with 
serum concentrations above the eightieth percentile, 
and 30% of cases occurred in those above the ninetieth 
percentile?^; and the United Kingdom/ World Health 
Organisation trial has also shown, taking four factors 
into account, that 3296 of "attributable" cases occur 
in those above the eighty fifth percentile of risk.?! A 
second reason is that successful treatment of very high 
concentrations of serum cholesterol and of blood pres- 
sure require the use of drugs; and these should be 
acceptable ethically to physicians and: cardiologists 


only when the risk of the disease is at least equal to the 
risk of giving drugs?? and to symptomless' people 
when there is a really valid reason for making big 
chances in their lifestyle and committing them to 
drugs for the rest of their days. A third reason for a 
high cut off point is that the ratio of cost to benefit 
increases when intervention is attempted below the 
eightieth percentile owing to greater use and therefore 
costs of drugs in relation to a decreasing amount of 
ultimate benefit to be expected. 


Screening of all male adults 


Two considerations at least need to be thought 
through by those who advocate screening of the adult 
male population for subsequent implementation of 
high risk intervention against coronary heart disease. 
One is the practicability, costs, and advantages to soc- 
lety of universal screening and the other is possible 
disadvantages and the advice to be given to those for 
whom specific intervention is not really indicated. 
Incidentally, data concerning the relation of risk fac- 
tors to coronary heart disease in women are far less 
well assembled than for men, and none of the clinical 
trials referred to above have included women: the 
probability is that the prevalence of risk factors is 
lower and that their significance is less and, until more 
formal evidence is available, a case for screening the 
adult female population cannot be adequately estab- 
lished. Additionally, most of the data relating risk 
factors to coronary heart disease have come from 
studies of the under 60 age groups and there is really 
no case for screening—and expecting subsequent 
benefit—in those over 60: the emphasis should be on 
the young and middle aged. 

While a blood pressure measurement is easy and 
acceptable to most, a venepuncture is less so; special 
facilities and improved laboratory services might need 
to be established in some areas. There are about 12-5 
million men aged 15—55 in the United Kingdom. The 
cost of estimating serum cholesterol concentrations is 
in the region of £3, or £37-5 million for this popula- 
tion. 

In order to focus on the top 2096 at bighest risk, a 
repeat estimate would be necessary together with 
measurement of high density lipoprotein (HDL) 
cholesterol (at about £3), and this might add £15 mil- 
lion to the sum. Thus, identification of the top quin- 
tile might cost £50 million or more, but this calcula- 
tion is for biochemical analyses and not for staff and 
facilities necessary to do venepunctures. Such expen- 
diture might allow 2-5 million men to receive treat- 
ment to lower their very high serum cholesterol. 
Extrapolating from the Lipid Research Clinic Coro- 
nary Primary Prevention Trial results,!? corónary 
heart disease might be postponed or prevented in 
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about 70 000 men over a seven year period. It is for 
health economists and politicians to decide if this a 
worthwhile yield. But there are still other problems. 

Screening of the adult male populauon will identify 
many with raised cholesterol concentrations and 
raised blood pressure between the fiftieth and eigh- 
tieth percentile. What should we tell these people? 
We know that their risk of coronary heart disease is 
only slightly increased above that for those in the 
three deciles below the median, we know that predic- 
tion of coronary heart disease is weak and that ıt can- 
not be individualised, and we know that mass inter- 
vention has so far been singularly disappointing. Even 
in a health conscious community, I cannot believe 
that informing these men about their serum choles- 
terol concentration or blood pressure will be condu- 
cive to reassurance so long as the medical profession 
lacks a strong base for advice or action. Indeed, it is 
likely to increase anxiety in many. Physicians and 
cardiologists who support male adult population 
screening programmes should, therefore, first ‘ask 
themselves what they will advise when screening 
identifies an otherwise fit, non-obese, 35 year old man 
with serum cholesterol concentration or blood pres- 
sure in the sixth or eighth deciles. Should he be told? 
If so, what should he be told about his individual risk 
and how to reduce it? Should the test be repeated in 
one or five years time, or should the mildly abnormal 
result be completely ignored? Each of these questions 
needs to be identified and answered by policy makers. 


Selective screening 


There are problems of comparable difficulty for those 
who advocate selective screening on the basis of clini- 
cal acumen, or case finding. The biggest of these— 
and there is no information available at present—is 
the proportion of high risk individuals (above the 
eightieth percentile) that would be missed by even the 
most assiduous programmes of clinical screening. 
Were this to be large, then the strategy of selective 
screening would probably have to be abandoned in 
favour of mass screening. 

Selective screening may identify currently symp- 
tomless individuals with pronounced hypercholes- 
terolaemia; it 1s less suitable for finding those with 
severe hypertension, except through hypertensive 
families. The finding of tendon xanthomata, for 
which a routine search should be made, points to 
monogenic familial hypercholesterolaemia, but this 
only comprises about 15% of those with severe hyper- 
cholesterolaemia with most being  polygenic. 
Identification of a premature corneal arcus or xanth- 
elasma should spread the net a little wider, and it is 
interesting that opticians do not seem to look for these 
features routinely. The recent American Heart 
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Association recommendations!» emphasise that family 
screening can be the key to diagnosis and a big yield 
might come from the first degree relations of all 
patients who have developed any clinical features of 
coronary heart disease under the age of about 50.23 In 
my experience, it is rare for physicians and cardiolog- є 
ists in hospitals dealing with large numbers of coro- 
nary heart disease patients to screen first degree rela- 
tions routinely for raised serum cholesterol concentra- 
tions and blood pressure. This is a matter of improv- 
ing education since family doctors especially should 
be able to add considerably to the yield by identifying 
families with aggregation of vascular disease and 
screening the apparently healthy relatives. 

One advantage of case finding is that the motivation 
of patients to identify their high risk relatives and of 
their doctors to intervene will be far higher than that 
for the general population. It is now up to physicians 
and cardiologists to join with epidemiologists and 
demonstrate from population surveys whether or not 
the majority of those at high risk are identified by 
selective screening on the basis of case finding. 


Improvement of prediction 


Whichever screening strategy is favoured, there will 
be many who will develop coronary heart disease in 
whom it was not predicted or predictable. The 
strengths and weaknesses of the classical risk factors 
of cigarette smoking, raised cholesterol concentration, 
and raised blood pressure 1n predicting coronary heart 
disease are ncw well established, and little new in 
terms of measurements for screening the population 
for coronary heart disease has become available dur- 
ing the past 10 years. 

Sharpening of the methods for identifying those at 
very high risk is óverdue. Perhaps the most obvious 
and urgent area is prediction of incipient throm- 
bogenesis. Identification of new deoxyribonucleic acid 
polymorphisms—such as, for example, atherogenic 
apoprotein gene clusters—which might be applicable 
to some readily available tissue, like skin, is one hope. 
Knowledge of the factors that make people intrinsi- 
cally resistant to coronary heart disease 1s another, 
and more studies are needed of the characteristics of 
families and people who do not get coronary heart 
disease: it is an area of almost complete ignorance. 

One of the greatest priorities, then, for the control 
of coronary heart disease is to improve both the sen- 
sitivity and the specificity with which we are able to 
predict its development. When this has been achieved 
the case for screening will be strengthened. 
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Myocardial infarction and thrombolysis 
Electrocardiographic short term and long term results using ~ 
precordial mapping 
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SUMMARY In a consecutive series of 56 patients with acute myocardial infarction, ST segment 
depression and elevation in the electrocardiographic limb leads I, II, and III were summated for 
each patient before and immediately after intracoronary streptokinase infusion and the results 
compared with the angiographic findings. Forty three patients had angiographically confirmed 
reperfusion of an initially occluded vessel and showed a significant decrease in summated ST shift. 
The ST segment changes in the limb leads virtually returned to normal in all 43 patients, and in 
most, inverted T waves developed. Thrombolysis was unsuccessful in 10 patients, and the infarct 
related coronary artery was already patent in three. When these two groups are combined, all 13 
patients without reperfusion showed no significant change in summated ST segment shift. During 
percutaneous transluminal angioplasty inflation of the balloon in the vessel that was previously 
occluded simulated reocclusion.and was followed by new ST elevation if the artery supplied viable 
myocardium. 

In a further consecutive study of 54 patients with anterior myocardial infarction, the precordial R 
waves and Q waves were studied over the four to six months following infarction using a standar- 
dised 48 electrode mapping system. All patients underwent a repeat angiogram after four to six 
months. In 36 patients the infarct related vessel was patent. They showed a significant mean increase 
in summated precordial R wave amplitude and a reduction in the mean number of precordial leads 
without R waves. In 18 patients with unsuccessful thrombolysis or reocclusion there was a further 
reduction in mean summated R wave amplitude and an increased number of precordial leads not 
showing R waves. 

Precordial R wave mapping seems to be a valuable non-invasive method of assessing the salvage of 
myocardium after reperfusion and the damage caused by reocclusion. Loss of R waves in the acute 
phase of myocardial infarction does not necessarily mean an irreversibly damaged myocardium. 


_Electrocardiography is the most important tech- 
nique for diagnosing acute myocardial infarction. ST 
segment elevation occurs within a few seconds of 
complete occlusion of a coronary artery. During the 
next six to eight hours R waves are lost or their amp- 
litude reduced and pathological Q waves develop.! ? 

А rapid decrease in ST elevation during intraven- 
ous streptokinase infusion in patients with acute 
myocardial infarction was described in the 1960s,? 
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and changes in the standard electrocardiographic 
leads after intracoronary streptokinase infusion have 
recently been reported.45 There are, however, no 
detailed studies that have used electrocardiographic 
mapping to study the effectiveness of reperfusion. We 
therefore studied the ST segment changes during 
angiographically documented reperfusion and the Q 
and R wave changes in the subacute and chronic 
stages of myocardial infarction. 


Patients and methods 


The patients in the present study were all admitted to 
our hospital within eight hours of the onset of chest 
pain, had electrocardiographic changes consistent 
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with acute myocardial infarction (ST elevation of 
20-2 mV in the limb leads or of =0-3 mV in the chest 
leads), and had persistent chest pain. They were 
treated with an intracoronary infusion of streptokin- 
ase at a dose of 3000 units per minute for 60 minutes. 
, Coronary angiography was performed before, every 
^30 minutes during, and at the end of the infusion. 
The protocol was approved by the local ethical 
committee, and.all patients gave informed consent for 
the study. 
ST SEGMENT CHANGES IN THE ACUTE STAGE 
(Group 1) 
In a consecutive series of 56 patients (group 1) (47 
male, nine female; age range 41-81 years) 21 had 
anterior and 35 inferior infarcts. We summated the 
ST segment elevation and depression (ST shift) in the 
limb leads I, П, and III before and after streptokinase 
infusion and compared the results with the angio- 
graphic findings. In 34 patients online monitoring of 
the ST segment using up to eight precordial leads was 
performed during the 48 hours after streptokinase 
infusion in order to detect recurrent ischaemia.* In six 
patients we used a precordial online mapping system 
to study the ST segment changes during balloon 
inflation while performing percutaneous transluminal 
angioplasty of the remaining stenosis of an infarct 
related vessel after successful reperfusion. 


CHANGES IN О AND R WAVES AT SIX MONTHS 
(Group 2) 
In a second series of 54 consecutive patients (group 2) 
with anterior myocardial infarction (41 male, 13 
female; age range 27—79 years), which did not include 
the patients in group 1, standardised 48 electrode pre- 
cordial mapping was performed immediately after 
streptokinase infusion, at 72 hours, at three weeks, 
and at four to six months, when repeat coronary 
angiography was also performed. 

The 54 patients in group 2 were divided into four 
groups according to the angiographic findings at fol- 
low up coronary angiography four to six months after 
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infarction. Group À comprised 11 patients in whom 
reperfusion occurred spontaneously before strep- 
tokinase infusion and the infarct related vessel was 
patent four to six months later; group B comprised 75 
patients achieving successful thrombolysis in whom 
the infarct related vessel was still patent four to six 
months later; group C comprised eight patients with 
reoccluded vessels at four to six months; and group D 
comprised 10 patients in whom thrombolysis was 
unsuccessful. 


STATISTICAL ANALYSIS 

Statistical analyses were performed using Student's г 
test. Values are expressed as mean (standard devig- 
tion). 


Results 


GROUP I 
In 43 of the 56 patients the infarct related vessel was 
occluded at the start of the streptokinase infusion, 
thrombolysis was successful, and reperfusion was 
achieved. In these patients there was a significant 
decrease in mean summated ST shift from 0-68(0-32) 
mV to 0:09(0-12) mV (p<0-001). Figure 1 shows an 
example of an electrocardiogram that had virtually 
returned to normal a few minutes after reperfusion. 

In 10 patients either the occluded vessel could not 
be reperfused or inadequate reperfusion was 
achieved. In three patients the vessel was already 
patent before the start of the streptokinase infusion, 
In this combined group of 13 patients there was no 
significant change in mean ST shift during strep- 
tokinase infusion (mean ST shift before infusion 
0-44(0-29) mV and after infusion 0-44(0.36) шу) 
(Fig. 2). All patients achieving successful reperfusion 
showed a reduction in mean ST shift of > 55% within 
one hour. 

During percutaneous transluminal coronary angio- 
plasty performed three days after successful throm- 
bolysis in four of these six patients inflation of the 
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Fig. 1 Electrocardiograms showing rapid “improvement” of ST-T changes after reperfusion in a 45 year old man in whom а 
streptokinase infusion into the occluded right coronary artery was started four and a half hours after the onset of chest pain. 
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Fig.2 ST segment shift in leads 1, П, and III before and one 
hour after streptokinase infusion in (a) 43 patients with successful 
thrombolysis and reperfusion and (b) 10 patients with 
unsuccessful thrombolysis ( @ inferior, А anterior infarction) and 
three with the infarct related vessel already patent at the start of 
infusion (©). Bars represent mean (SD). 


balloon in the remaining stenosis of the infarct related 
vessel simulated reocclusion and was accompanied by 
new elevation of the ST segment in the precordial 
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leads around the centre of the initial ischaemia 
(Fig. 3). In two patients no ST segment changes were 
seen during angioplasty. Although initial reperfusion 
had been successful and both patients had shown a 
reduction in mean ST shift during the first hour, they 
had both had subsequent episodes of recurrent chest, 
pain and ST elevation, repeated estimations of plasma 
creatine kinase MB activity had shown a delayed 
release pattern, and left ventricular angiography 


showed severely depressed regional wall motion. 


GROUP 2 


Groups A and B showed a moderate but significant 
increase in precordial R wave amplitude between the 
initial admiss:on and repeat angiography, whereas 
patients in groups C and D showed a further loss of 
amplitude (Table). A similar trend could be seen with 
respect to the number of precordial leads showing a 
complete loss of R waves: in groups A and B the 
number of leads decreased, but increased or 
remained the same in groups C and D. Four to six 
months after infarction group A had the fewest pre- 
cordial leads with complete loss of R waves (mean 
12:3) and group С the most (mean 31) (Table). The 
increase in R wave amplitude in groups A and B could 
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Fig.3 Electrocardiograms and angiograms showing simulation of reocclusion during inflation of the balloon causing new ST 


elevation in leads П and III in a patient with inferior myocardial infarction and successful thrombolysis two days previously. 
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Table Mean (SD) of summated R wave amplitude (mV) and mean (SD) number of leads showing no R waves in a 48 
electrode precordial map recorded immediately after intracoronary streptokinase infusion and 4—6 months later in group 2 
patients with an initially patent infarct related vessel (group A), successful thrombolysis with vessel remaining patent (group 
B), unsuccessful thrombolysis (group D), and successful thrombolysis with subsequent reocclusion (group C) 








Subgroup No of Summated R wave amplitude (mV) Mean (SD) No of leads showing no R waves 
, tients - — 
! " After After Change p value After After Change p value 
infusion 4—6 mnth infusion 4-6 mnth 

11 18:1 (5:4) 23-2 (7-0) +51(75) «004 14:7 (10-8) 12-3 (7-5) 2:4 (48 NS 
25 124(109) 162(112) +39(5-0) «0006 279(131) 21-2 (13:7) 66 (8-9 <0-001 
8 14-0(13-0) 9:8 (11:0) –4-3 (2:8) <0-003 26-5 (12:2) 31:0 (12:2) +4-3 (3:2) <0-00 

10 11-8 (12-8) 10:7 (12.7) — 1-1 (48) NS 30:4 (12:2) 30:7 (12:6 +03 (10-7) NS 





Fig. 4 Diagrams showing (a) increase їп R wave amplitude 
(related to position of electrode and mean value in each of the four 
groups) during the 4-6 months after infarction in patients with 
initially patent infarct related vessel (group A) and those with 
successful thrombolysis in whom the vessel ranained patent 
(group B) and (b) decrease in R wave amplitude in panents with 
unsuccessful thrombolysis (group D) and those with reocclusion of 
the infarct related vessel (group C). 


be seen in those electrodes having the highest ST 
segment elevation at the time of admission, whereas in 
patients with reocclusion (group C) the further loss of 
R wave amplitude mainly affected the border zone of 
initial precordial ischaemia (Fig. 4b). 


Discussion 


In this study a decrease in ST elevation and 51 
depression in the electrocardiographic limb leads 
occurred within one hour after reperfusion of the 
infarct related vessel in patients with anterior or 
inferior myocardial infarction treated with intracoro- 
nary streptokinase. In patients with unsuccessful 
thrombolysis no change in summated ST shift occur- 
red during streptokinase infusion. Similar results 
have been reported in patients with anterior myocar- 
dial infarction using leads V1-V6.**^ This rapid 
reduction in summated ST depression coincides with 
the relief of pain. Although it might be explained by 
rapid death of the infarct area, a reduction in 
ischaemia is more likely since reocclusion or simu- 
lated reocclusion by balloon inflation at the same site 
induced a new ST elevation (Fig. 3). 

This simple electrocardiographic criterion should 
be useful for judging the likelihood and timing of 
reperfusion in patients treated with intravenous strep- 
tokinase. 

It is generally accepted that the loss of R waves and 
the appearance of new Q waves after acute myocardial 
infarction represent loss of myocardium.* !! The 
time course of these changes has been investigated in 
detail during the first 48 hours after the onset of chest 
pain.? !? During this period a recovery of R waves and 
a regression of Q waves was found in — 1096 of conser- 
vatively treated patients.? Although transient Q waves 
have been reported in patients with Prinzmetal's 
angina, during myocardial ischaemia or coronarv 
arteriography, or after coronary artery bypass 
surgery,'?~ !* they are rare after myocardial infarction 
and are confined to patients with small infarcts.'' '* 
The mechanism is unknown; some authors believe 
that shrinking of the scar and hypertrophy of the 
myocytes in the border zones is the most likely 
reason. !* 19 

In this study patients with unsuccessful throm- 
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bolysis (group D) had no significant change in precor- 
dial Q waves or R waves when the acute and chronic 
stages are compared, whereas an extension of the elec- 
trocardiographic infarct area was seen in those with 
angiographically documented reocclusion (group C). 
Although the numbers of Q waves and the precordial 
R wave amplitudes immediately after streptokinase 
infusion were nearly the same in groups B and C, 
patients in whom reperfusion was maintained showed 
a gradual but significant reduction in the number of Q 
waves and an increase in R wave amplitude in the 
centre of the infarct during the weeks after reperfu- 
sion. Patients with spontaneous reperfusion 
(group A) had the smallest infarct areas and no 
significant change in Q waves during long term follow 
up. Thus shrinking of the scar and hypertrophy of the 
healthy myocardium cannot be the only explanation 
for the increase in R wave amplitude. The significant 
increase in R wave amplitude and the reduction in the 
number of pathological Q waves after reperfusion 
probably means salvage of jeopardised myocardium. 
Obviously, the electrical recovery of the ischaemic cell 
takes more than a few days and coincides with the 
recovery of function.?? 

Since there is a significant difference in these elec- 
trocardiographic findings between patients in whom 
the infarct related vessel could be reperfused within 
the first four to six hours and those in whom reperfu- 
sion was unsuccessful, precordial mapping should be 
a useful non-invasive method for judging the long 
term effects of reperfusion. These results will need to 
be confirmed in a prospective randomised study. 


This study was undertaken with the support of 
Deutsche Forschungsgemeinschaft SFB109. 
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Rupture of the myocardium 
Occurrence and risk factors 


MIKAEL DELLBORG, PETER HELD, KARL SWEDBERG, ANDERS VEDIN 
From the Cardiac Unit, Department of Medicine, Ostra Hospital, Gothenberg , Sweden 


SUMMARY The occurrence of myocardial rupture was studied in a well defined unselected population 
of patients with acute myocardial infarction, and the group of patients who died of rupture of the 
heart were compared with two control groups. Of a total of 3960 patients, 1746 (44%) fulfilled the 
diagnostic criteria for acute myocardial infarction. Rupture was defined solely on the basis of the 
presence of a pathological passage through part of the myocardium, either the free wall of the left 
ventricle or the septum, found at necropsy or during operation. Two controls were selected for each 
patient and matched for age and sex, one (control group A) with acute myocardial infarction having 
died in hospital but not of rupture (non-rupture cardiac death) and one (control group B) with acute 
myocardial infarction having survived the hospital stay. Necropsy was performed in 75% of all fatal 
cases with acute myocardial infarction. The total hospital mortality was 19%, the highest mortality 
being among women over 70 years (29%). Ruptures (n=56) were found in 17% of the hospital 
deaths, or 3-2% of all cases of acute myocardial infarction. Women aged <70 had the highest 
incidence of rupture, 42% of deaths being due to rupture. The mean age for patients with rupture 
and controls was 70-5 years. The median time after admission to death was approximately 50 hours 
for patients and control group A. Thirty per cent of the patients with rupture occurred within 24 
hours of the initial symptoms occurring. Angina and previous acute myocardial infarction were more 
common among control group A. Patients with rupture and control group B were mostly relatively 
free of previous cardiovascular or other diseases (chronic angina pectoris (>2 months) and previous 
myocardial infarction). Sustained hypertension during admission to the coronary care unit was more 
common in patients than in control group A. Hypotension and shock were more common among 
control group A. Most (79%) of the patients who subsequently ruptured did not receive any 
corticosteroids at all during the hospital stay. Severe heart failure and antiarrhythmic treatment were 
more uncommon among patients than among control group A. Patients with rupture received 
analgesics approximately three times a day throughout their stay. Control group B received anal- 
gesics mostly during the first 24 hours. 

Thus female patients, patients with first infarcts, and patients with sustained chest pain should be 
investigated for the possibility of rupture. As many as one third (32%) of ruptures may be subacute, 
and therefore time is available for diagnosis and surgery. 


Rupture of the myocardium after acute myocardial septum, the papillary muscles, or the free wall, the’ 
infarction is at present the second most important last site being by far the most common. Previous 
cause of death after pump failure during hospital studies have indicated that increasing age and female 
admission.! Rupture may involve the interventricular sex are important risk factors but have yielded 
conflicting results regarding the importance of hyper- 
tension, steroid medication, prehospital morbidity, 
Requests for reprints to Dr Mikael Dellborg, Cardiac Unit, Depart- and time and frequency of гиртше.2-9 Most studies 
ment of Medicine, Óstra Hospital, S-416 85 Goteborg, Sweden. lack adequate controls, are based on necropsy 
Accepted for pablicanon 11 March 1985 findings, or represent highly selected patient groups; 
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most аге now out of date. 

We studied a well defined unselected population of 
patients with acute myocardial infarction in order to 
estimate the frequency of rupture and identify the 
group of patients who die of rupture of the heart. We 
also compared them with matched controls in order to 
define groups of patients at increased risk of myocar- 
dial rupture. 


Patients and methods 


A series a consecutive patients admitted to the coro- 
nary care unit of this hospital with symptoms occur- 
ring within the previous 48 hours and suggesting 
acute myocardial infarction was studied. The hospital 
serves a geographically and demographically well 
defined area with a population of 260 000, from which 
all cases of suspected acute myocardial infarction are 
admitted without any preselection regarding age, pre- 
vious disease, or clinical condition. After admission 
all patients routinely remain in the unit until they 
have been without chest pain or arrhythmias for 48 
hours. Patients are kept in bed for the initial 24 hours 
and then mobilised. 

From 1 January 1979 to 31 December 1982 a total 
of 3960 patients were admitted to the unit. Of these, 
1746 (4496) fulfilled a diagnosis of acute myocardial 
infarction based on two of the following criteria: clini- 
cal history, typically increased enzyme activity above 
the normal value, and typical evolution of the elec- 
trocardiogram. 


DEFINITIONS 

Myocardial rupture was defined solely on the basis of 
the presence of a pathological passage through part of 
the myocardium, either the free wall of the left ven- 
tricle or the septum, found at necropsy or during 
operation. Thus patients who died with a clinical pic- 
ture suggesting rupture but who were not examined at 
necropsy were not included. Five patients with iso- 
lated rupture of the papillary muscles were also 
excluded. 
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Clinical history 

Angina—The presence of angina was based on a 
history of angina on exertion as stated by the patient 
on admission го the hospital. Patients with angina for 
less than two months were studied separately. 

Previous myocardial infarction—This was defined as 
a previous admission to hospital with a diagnosis of 
acute myocardial infarction according to the above 
criteria. 

Hypertenston was defined as a history of treatment 
with antihypertensive drugs because of high blood 
pressure. 

Sustained hypotension was defined as a systolic blood 
pressure of <90 mm Hg on more than two occasions. 
Hypotension due to any obvious cause (arrhythmia, 
drug side effect) was excluded as was hypotension 
occurring during the final two hours before death. 
Since blood pressure was routinely recorded four 
times an hour at most hypotension had to be present 
for at least 30 minutes. 

Shock was defined as hypotension (according to 
definition above) occurring in combination with signs 
of poor peripheral circulation (coldness, pallor), or 
oliguria, or mental confusion or all three. 

Sustained hypertension was defined as a systolic 
blood pressure of 2170 mm Hg or diastolic pressure 
of >105 mm Hg on more than two occasions during 
the entire hospital stay. Since blood pressure was 
routinely recorded four times an hour at most hyper- 
tension had to be present for at least 30 minutes. 

Heart failure was defined as the presence of basal 
pulmonary rales or dyspnoea requiring treatment with 
oral diuretics or intravenous injections of diuretics or 
increased doses of diuretics in patients already treated 
with diuretics on admission. Modest heart failure was 
defined as failure requiring oral or intravenous diure- 
tic treatment (or increased doses) or both twice a day 
at most. Severe heart failure was defined as that 
requiring intravenous injections of diuretics three or 
more times a day. 

Inpatient corticosteroid treatment consisted of a single 
administration of prednisolone (5-10 mg orally) in 
patients with persistent chest pain of suspected 


Table 1 Distribution of myocardial infarcts and ruptures by age (years) and sex 





Total No (%) of Тог] No(96*) of — Myocardias rupture 
patents with AMI deaths 
No 96 Of AMI 96 Of deaths 
Men: 
<7 815 ( 105 (13) 15 18 14 
270 439 G 112 um 13 29 12 
All 1254 (72) 217 (1 28 2-2 13 
Women: 
«70 215 (12 31 (14 13 60 42 
270 277 (1 81 29 15 5-4 19 
All 489 (28 112 (23 28 57 25 
Men and women (all ages) 1746 329 (19) S6 3-2 17 


*Of patents with acute myocardial infarction (AMT). 
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48 72 96 144 420 738 
Time (h) 
Fig. 1 Time from onset of symptoms to death for patients with 
myocardial rupture ( 8) and control group A (non-rupture cardiac 


death) (©). 
pericardial origin not responding to other treatment. 
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STATISTICAL METHODS 

Two controls with acute myocardial infarction were 
selected and matched for age and sex for each patient 
with myocardial rupture, one who had died in hospi- 
tal but not from rupture (non-rupture cardiac death) 
(control group A) and one who had survived the hos- 
pital stay (control group B). The controls were 
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selected from the next two patients in the consecutive 
patient register after the patient with rupture who 
fulfilled the matching criteria. The three groups were 
compared by Fisher’s two tail exact test. Statistical 
significance was defined as p<0-05. 


Results 


MORTALITY 

А necropsy was performed in 7596 of all fatal cases 
with acute myocardial infarction. Table 1 shows the 
numbers of patients with acute myocardial infarction, 
deaths, and myocardial ruptures. The total hospital 
mortality was 1996 and was highest among women 
over 70 years (2996). Rupture through the free wall 
(n=46) or the septum (n: 5) was found at necropsy in 
8 total of 51 patients and at operation in another five 
(28 men and 28 women). Rupture was found in 1796 
of the hospital deaths, or 3-296 of all patients with 
acute myocardial infarction. Women aged «70 had 
the highest incidence of rupture, 4296 of hospital 
deaths being due to rupture. The mean age of patients 
with rupture and the controls was 70-5 years. Figure 1 
shows the time from the onset of symptoms to death 
for patients and controls. The median time from 


Table 2 Clinical history before admission and clinical observations during admassion of patents with myocardial rupture, and controls (group A, 
non-cardiac death rupture; group B , survivors) (n=56 т each of the three groups). Figures are numbers of subjects 








Сатса! characteristics Patents Control group А Control group B Stanstical comparison (p value) 
Patents us group А Patients оз group В Group А vs group В 
Characteristics 
Previous myocardial infarction 8 29 16 «0-001 NS «0 05 
Hypertension 23 27 28 NS NS NS 
Angina (duration). 
«2 months 42 19 32 «0-001 NS «0 05 
>2 months 14 37 24 «0-001 NS «0 05 
Diabetes (treatment) 
Det or tablets or both 8 14 7 NS NS NS 
Insulin 1 3 2 NS NS NS 
4. Previous treatment with 
corticosteroids 3 5 5 NS NS NS 
Beta blocker treatment on admission 18 27 24 NS NS NS 
Observations 
Sustained hypertension 8 4 15 NS NS <0-05 
Sustained һуроертоп 18 39 8 <0 001 <0-05 <0 001 
Shock 10 35 0 <0 001 «001 <0 001 
Intravenous or oral treatment with - 
beta blockers 20 24 29 NS NS NS 
Inhospital corticosteroid treatment 12 8 3 NS <0-05 NS 
Heart fadure: 37 50 34 <0 01 NS <0 001 
Mild 25 15 23 NS NS NS 
* Severe 12 35 11 <0 001 NS <0 001 
Antiarrhythmic treatment 21 33 21 <0-05 NS <0 05 
Infarct site (main): 
Antenor 31 23 20 NS NS NS 
Posterior 23 23 27 NS NS NS 
Septal 1 1 0 NS NS NS 
Apical 1 2 0 NS NS NS 
Subendocardial 0 6 2 «0-05 NS NS 
Unclassified 0 1 7 NS «0.05 NS 
Mean (SEM) maximum serum AST 2 
activity (uKat/) 7-95 (2-45) 6 79 (2-60) 2-88 (0 27) 


NS, not zgnificant; AST, 
Conversion: SI unit to 


te aminotransferase. 
ronal unit—aespartate aminotransferase: 59 9 uKat~] U (1 uKat»1 umols) 
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Cumulative No of doses of analgesics/patient 





0 72 


24 48 
Time (h) from admission 


Fig. 2 Cumulative number of doses of analgesics per patient in 
relation to nme (h) from hospital admission for patients with 
myocardial rupture (@), control group A (non-rupture cardiac 
death) (O), and control group B (survivors) ( W). 


admission to death was approximately 50 hours for 
patents and control group À (non-rupture cardiac 
death). Thirty per cent of the ruptures occurred 


within 24 hours after the onset of the initial symp-. 


toms. 


CLINICAL HISTORY 

Angina and previous acute myocardial infarction were 
more common among control group A (Table 2). 
Patients and control group B (survivors) were in most 
cases relatively free of previous cardiovascular or 
other disease—for example, chronic angina pectoris 
(72 months) and previous myocardial infarction. On 
the other hand, angina of recent onset («2 months 
before infarction) was more common among patients 
and control group B than among control group А. 


CLINICAL FINDINGS DURING ADMISSION 

Table 2 also shows some clinical findings recorded 
during hospital admission for the three groups. Sus- 
tained hypertension while in the coronary care unit 
was more common among patients than among con- 
trol group А. Generally, hypertension was associated 
with survival, whereas hypotension and shock were 
associated with death. The majority of patients and 
control group B had normal blood pressure during 
their hospital stay. During the time in the unit more 
patients received moderate amounts of corticosteroids 
intravenously than the two control groups. The vast 
majority (7996) of the patients who subsequently rup- 
tured did not receive any corticosteroids at all during 
the hospital stay. 
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Severe heart failure and antiarrhythmic treatment 
were uncommon among patients compared with con- 
trol group A. No clear cut differences between the 
three groups as to the site of the infarction could be 
seen. The controls in group À had large infarcts as 
estimated by the peak serum aspartate aminotransfer- 
ase activity. but even higher peak values were 
obtained in the patient group, being significantly 
higher than those in control group B (p<0-05). 

The degree and duration of chest pain was esti- 
mated by determining the cumulated individual 
number of analgesic injections during the hospital 
stay (Fig. 2). Patients received analgesics approxi- 
mately three times a day without any tendency 
towards a decrease throughout their stay. Controls in 
group B received analgesics during the first 24 hours 
but very few after that. The differences after three 
days were significant for all three groups (p<0-05). 


Discussion 


The introduction of coronary care units has decreased 
hospital mortality in cases of acute myocardial infarc- 
tion. This residual mortality is mainly due to infarc- 
tions affecting more than 40% of the myocardium, 
which lead to severe pump failure and refractory 
arrhythmias. The second most common cause of 
inhospital death is myocardial rupture. Primary ven- 
tricular fibrillation is no longer an important cause of 
inhospital deaths.! 

In published reports myocardial rupture is com- 
monly divided into four groups: rupture of the papil- 
lary muscles, the interventricular septum, and the 
free wall (acute and subacute rupture). Rupture of the 
papillary muscles leading to acute mitral incompe- 
tence with >90% mortality!? was very rare in our 
study, the incidence being only 1-5% of inhospital 
deaths or 8% of all ruptures. Similar figures have been 
reported by others (Table 3). Rupture of the interven- 
tricular septum is apparently more common, between 
1096 and 2096 of all ruptures occurring through the 
septum.? 45 In our study the figure was 16%. Without 
surgical treatment 5096 of these patients have been 
reported to die within the first week and 8596 within 
two months.!5 ! Surgical correction of this condition 
is often possible, and patients undergoing successful 
operation seem to have a relatively good prognosis. !? 
There is a great deal of controversy as to the optimal 
time of surgical intervention, although recent studies 
suggest a more favourable outcome if surgery is per- 
formed within 24 hours.!? Acute rupture of the free 
wall is by far the most common type of rupture, com- 
prising about 5096 of all ruptures. Successful surgical 
intervention has been reported, always including 
rapid pericardiocentesis, volume expansion, and 
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Table 3 Incidence of myocardial rupture at different sites Я 
Study 96 Of all ruptures involving: Total No 
Papillary muscles Septum Free wall 
Zeman and Rodstein!! 6 0 94 16 
van Tasscl and Edwards? 17.5 20 62:5 40 
Feneley et al'2 8 67 25 49 
Present study 8 16 75 61 


immediate subsequent surgery using cardiopulmo- 
nary bypass.!57!? Subacute rupture of the free wall 
was described in 1973 by O’Rourke, who reported 
two cases of rupture of the free wall in which severe 
hypotension and shock were present for several hours 
after diagnosis but before death or surgical interven- 
tion. 18 

According to our findings as well as those of others, 
patients suffering a myocardial rupture are previously 
healthy compared with other victims of inhospital 
deaths.!??9 In the present study the prevalence of 
hypertension, diabetes, angina, and previous myocar- 
dial infarction was as high among patients with rup- 
ture as among survivors but lower than that among 
the control group with non-rupture cardiac death. 
Thus we cannot agree with previous investigators who 
have claimed that the absence of previous cardiovas- 
cular disease would predispose to heart rupture.?° 2! 
Such a statement seems valid only when other inhos- 
pital deaths rather than survivors served as controls. 

The incidence of myocardial rupture as well as the 
age and sex distribution in our study are consistent 
with those in other studies.28 We also agree with 
others that women have a higher risk of rupture of the . 
free wall. Prolonged and recurrent chest pain has 
often been considered to be the: most frequent and 
consistent clinical characteristic of myocardial rup- 
ture,® 19 which agrees with- our findings. 

Corticosteroid treatment has been held responsible 
for defective healing and scar formation predisposing 
to cardiac rupture. The basis for this seems to be a 
case report?? of a single patient who developed a ven- 


Table4 Incidence of subacute myocardial ruptures 


96 Of all ruptures oth. — 96 Of ruptures as 
signs of subacute rupture* 96 of all fatal AMI 
Zeman and Rodstein!! 20 19 
London and London* 34 47 
Lautsch and Папа” .34 
(65) 73 
Lewis et ai* 21 86 
Rasmussen et al? 16 12-6 
Feneley et al? 4] — 
Present study 32} 17 


*Sustained hypotenmon, sudden fall ın blood pressure, thrombus 
formation at necropsy (progressive scarnıng at aaa Oe 
ber dpa. to panents with sustained hypotension (Table 2). 


acute myocardial infarcnon. 


tricular aneurysm after receiving corticosteroids for 
53 days. Roberts et al have reported a trial in which 
very large doses of methylprednisolone were given 
repeatedly in accordance with a non-randomised pro- 
tocol to 12 patients, of whom five died. Two of the 
victims had rupture of the venticular septum.’ In our 
study patients who subsequently ruptured received 
steroids more often than controls. We believe that this 
was due to their persistent or recurrent chest pain 
often being interpreted as a sign of pericarditis and 
therefore treated with small doses of prednisolone 
(S-10 mg/day). Nevertheless, since 7996 of patients 
who ruptured did not receive any steroid treatment at 
all defective healing due to corticosteroid treatment 
seems to play only a minor role, if any, in the 
pathogenesis of myocardial rupture. 

Hypertension has been considered by several 
authors as an important pathogenetic factor.5? 20 We 
believe that this is a misconception due to the lack of 
adequate controls. When cardiac death due to rupture 
is compared with non-rupture cardiac death, hyper- 
tension will indeed be more common among the vic- 
tims with rupture. But the highest frequency of 
hypertension occurs among patients who survive their 
infarction. Sustained hypertension may thus be 
regarded as a sign of better preserved left ventricular 
function. 

It is important to remember that because of the 
time course of myocardial rupture and the methods 
used the present study is subject to some bias. 
Because of the short period of inhospital observation 
for cases of rupture the true prevalence of most clinical 
findings among these cases tends to be underesti- 
mated, not only compared with those among sur- 
vivors. Therefore the observed differences between 
patients with rupture and survivors underestimate the 
importance of such differences with regard to sus- 
tained hypotension, shock, inhospital treatment with 
steroid, antiarrhythmic medication, and enzyme 
activity. In view of the details of the findings the 
importance of any of the analysed differences is less 
likely to be overestimated. 

Since 1973, when O'Rourke introduced the term 
subacute heart rupture, 1? several reports of successful 
surgical treatment of patients with apparently sub- 
acute heart rupture have been published.?? Clinically, 
these patients have generally been severely hypoten- 
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sive, often in shock, with severe right sided heart fail- 
ure and sometimes, but not very often, showing clas- 
sical signs of pericardial tamponade. It has been sug- 
gested’? that this condition might be more readily 
diagnosed at an early stage by echocardiography, 
since this technique can detect very small amounts of 
fluid (15-20 ml) in the pericardial sack.?4 

Table 4 shows previous studies together with the 
present series in which data indicate the presence of 
subacute heart rupture. Sustained hypotension, 
shock, sudden fall in blood pressure, or thrombus 
formation at the site of rupture have been regarded as 
indicating subacute rupture. As many as 30% of all 
ruptures may be subacute. 

There is a need for further studies directed towards 
the treatment and, if possible, prevention of myocar- 
dial rupture. These should aim at evaluating techni- 
ques for diagnosis before death and at investigating 
patients with the highest risk of rupture—that is, 
women: «70 years of age with sustained chest pain 
suffering their first myocardial infarction. Therapeu- 
tic interventions should also be evaluated. Because of 
the nature of myocardial rupture of the free wall, 
however, treatment has to be directed towards 
prevention—that is, reduction in infarct size. 


We thank Anders Odén for the statistical analyses. 
The study was financially supported by AB Hassle, 
subsidiary to Astra Pharmaceuticals AB, Mölndal, 
Sweden. 
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Effect of xamoterol (ICI 118587), a new beta, 
adrenoceptor partial agonist, on resting haemodynamic 
variables and exercise tolerance in patients with left 
ventricular dysfunction 


ADENIYI O MOLAJO, DAVID H BENNETT 
From the Regional Cardiac Centre, Wythenshawe Hospital, Manchester 


SUMMARY The effect of xamoterol, a beta, adrenoceptor partial agonist, on resting haemodynamic 
measurements and exercise tolerance was studied in 10 patients with dyspnoea of effort. All patients 
had poor left ventricular function due to myocardial infarction with ejection fractions ranging from 
15% to 35% (mean 28%). The cardiac index and stroke work index both rose significantly. The mean 
pulmonary artery pressure fell from 20(2) mm Hg to 16(2) mm Hg and pulmonary artery wedge 
pressure from 14(2) mm Hg то 102) mm Hg within the first four hours. Exercise tolerance, 
measured on the treadmill, increased significantly in seven patients but was unchanged in the three 
who had the lowest left ventricular ejection fractions. Exercise heart rate response was attenuated by 
the drug in all patients. 

It is concluded that xamoterol may be beneficial in patients with poor left ventricular function but 
can be harmful in extremely poor left ventricular function where high sympathetic drive may be 
important. 


Xamoterol {(+/—)-1-(4-hydroxyphenoxy)-3-|2- graphically confirmed myocardial infarction. The 
(4-morpholine carbonamido)ethylamino]-propan-2-ol study was single blind; xamoterol was given for 
fumarate)} has been shown in animal experiments to two weeks followed by placebo for two weeks and 
be a beta, adrenoceptor partial agonist with little finally xamoterol for four weeks. Effort tolerance was 
effect on arterial impedance.! Its partial agonist or measured before treatment and fortnightly thereafter. 
intrinsic sympathomimetic activity amounts (at its Haemodynamic measurements were made before and 
maximum) to 45% of the maximum activity of the full after the first dose of xamoterol and after eight weeks’ 
agonist isoprenaline.? Previous studies in volunteers — treatment with xamoterol. 
showed that at rest it has positive inotropic properties 
as indicated by shortening of the systolic time Patients and methods 
intervals and rise in systolic blood pressure It 
attenuates the chronotropic response to exercise.45 ^ PATIENT POPULATION 
The beneficial haemodynamic effect of xamoterol ın Тер patients (nine men and one woman), whose mean 
patients at rest with left ventricular dysfunction has (SD) age was 54 (2-4) years, were studied. They all 
been reported recently. Nevertheless, there is no Һай chronic left ventricular dysfunction and dyspnoea 
information about the effect of this drug on exercise оѓ effort (New York Heart Association (classes II and 
tolerance, which is a measurement of practical Ш). Their mean angiographic left ventricular ejection 
importance. fraction was 2896 (range 15-35%). Two patients (cases 
We studied the effect of xamoterol on resting бапа 8) also had moderately severe mitral regurgita- 
haemodynamic variables and exercise tolerance in tion. Table 1 shows the patients’ characteristics and 
patients with exertional dyspnoea caused by angio- treatment at the start of the study. These treatments 
had failed to improve their symptoms. Vasodilative 


Requests for reprints to Dr А О Мошро, Regional Cardiac and antiarrhythmic agents were withdrawn at least 
Centre, Wythenshawe Hospital, Southmoor Road, Wythenshawe, 


Manchester M23 9LT two weeks before the start of the study. A prestudy 
- exercise test was performed to determine a suitable 
Accepted for pubheation 12 February 1985 exercise protocol for each patient. Аз a result either 
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Table 1 Patient characteristics and treatment at the start of the study 


Case No LVEF (%) 
1 15 
2 22 
3 32 
4 32 
5 35 
6 30 
7 26 
8 33 
9 18 

10 35 


Coronary angiography 


LAD blocked, Cx and RCA stenoses 
LAD blocked, Cx and RCA stenoses 
LAD and Cx stenoses, RCA blocked 
LAD and Cx stenoses, RCA blocked 
LAD and Cx stenosis, RCA blocked 
LAD, Cx, and RCA stenoses 


LAD blocked, RCA and Cx stenoses’ 
LAD 


„ RCA, and Cx stenoses 
LAD blocked, RCA stenosis 
RCA blocked, LAD and Cx stenoses 


Molajo, Bennett 


Medical treapnent (mg daily) 





Frusemide 1 

Frusemide M amiloride 10 

Frusemide 80 

Frusemide 30; bendrofluazıde 5 

Frusemide 8 

Frusemide 120, lanoxin 0-25; 
amuloride 10 

Frusemide 80 

Frusemide 250, spironolactone 200 


* Frusemide 80 


Frusemide 80 


LVEF, left ventricular angiographic ejection fraction; LAD, left anterior descending; RCA, right coronary artery; Cx, circumflex coronary 
artery. 


the standard or modified Bruce protocol? was chosen 
for each patient. 


EXERCISE TEST PROCEDURE 

Exercise tolerance was assessed approximately 24 
hours before the haemodynamic study using the Mar- 
quette Case TM Computer Assisted System for Exer- 
cise (Marquette Electronics Inc, Milwaukee, USA) 
using the standard Bruce or a modified Bruce pro- 
tocol. À maximal symptom limited exercise test was 
performed. Exercise performance was calculated as 
the sum of work done during each stage of the Bruce 
protocol (Fig.1). Work done during each stage of this 
exercise protocol may be expressed as follows: work 
done equals Mg (sin 0 + cos 8) (S) (T) in Joules, 
where 0 is the angle of inclination of the treadmill; S 
the speed of the treadmill in m/s; T the time spent on 
each stage of exercise in seconds; g the gravitational 
force (9-8 m/s?); and M the mass of the patient in kg. 
Modified lead V1, V5, and aVF electrocardiograms 
were recorded continuously during the test. 


RESTING HAEMODYNAMIC MEASUREMENTS 
Early—On the first day of the study right heart 
catheterisation was performed at rest, with the patient 


(ST) Sin Ө 


(ST) Cos 6 


Fig. 1 Exercise performance calculated as sum of work done 
(mg) durmg each stage of protocol: Mg (sin 0 + cos 6) (S) (T) 
(Foules), where §, angle of inclination (of treadmill); S , speed (of 
treadmill) mis); Т, time spent on each stage of exercise (s); е, 
gravitational force (98 mis?); М, mass of patient (kg). 


supine and without premedication, using a flow 
directed thermodilution catheter. Baseline measure- 
ments of pulmonary artery systolic and diastolic 
pressure, mean pulmonary artery pressure, mean 
pulmonary capillary wedge pressure, and heart rate 
were recorded. Cardiac output was measured in tripli- 
cate using a Gould Cardiac Index Computer Model 
SP1435 (Gould Inc., Oxnard, USA). Systemic arterial 
pressure was measured by a standard sphyg- 
momanometer. Electrocardiographic monitoring was 
maintained throughout the study. After the baseline 
haemodynamic variables were measured xamoterol 
200 mg was given orally and the measurements re- 
peated 1, 2, 4, 6, and 12 hours later. 

Late—During the eighth week of the trial right 
heart catheterisation was repeated at rest with the 
patient supine, without premedication, and before the 
morning dose of xamoterol. After the baseline 
haemodynamic variables were measured xamoterol 
200 mg was given orally and the measurements re- 
peated one and two hours later. 


OUTPATIENT TREATMENT 

Outpatient treatment was continued with xamoterol 
orally 200 mg twice daily. Clinical examination and 
exercise tolerance testing were repeated at fortnightly 
intervals. During the third and fourth weeks patients 
were changed to treatment with the placebo. 


DERIVED-HAEMODYNAMIC VARIABLES 

Mean systemic arterial blood pressure (MAP) was cal- 
culated as: diastolic pressure plus 1/3 (systolic minus 
diastolic pressures) in mm Hg; body surface area in 
m? was determined from standard tables from their 
height and weight; cardiac index (CI) was calculated 
as CO/BSA (l/min per m?), where CO is cardiac out- 
put (l/min); stroke volume index (SVI) as: (CO x 
1000/BSA x HR) (ml/beat/m?), where HR is heart 
rate (beats/min); left ventricular stroke work index 
(LVSWD as: (MAP-PCWP) x SVI x 0-0136 (g m/ 
m2, where PCWP is pulmonary capillary wedge pres- 
sure; and systemic vascular resistance (SVR) as: MAP 


Xamoterol in left ventricular dysfunction 
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Table 2 Haemodynamic indices ın 10 patients before and after a single oral dose of xamoterol 200 mg. Values are mean (SEM) 


Haemodynamic indices Pratreatment valus 
сап ic arterial pressure (mm 94 
Heart rate (beats/min) НЫ 6 9 
capillary wedge pressure (mm Hg) H 
Mean pu artery pressure (mm Hg) 2 2 
Cardiac index ш?) TH D 
Stroke volume index (ml/beat/m?) 40(3) 
Systemic vascular resistance (dyn 8 cm^5) 1693 (59) 
Left ventricular stroke work ЭРА (в пуш?) 454) 


x. 80)/CO (dyn s сәг 5. All results are expressed as 
mean (standard error of mean (SEM)) and analysed 
using Student's paired t test. 


Results 


RESTING HAEMODYNAMIC VARIABLES 

On administration of the drug there was an increase in 
cardiac index and a fall in pulmonary artery pressure. 
Maximum change in the haemodynamic variables 
occurred within four hours of giving xamoterol (Table 
2 and Figs. 2-4). The drug increased both cardiac 
index and stroke volume index from 2-3(0-1) to 
3-2(0-2) min per m? (p<0-001) and from 40(3) to 
46(3) ml/beat/m? (p<0-0005) respectively (Fig. 4 a 
and b). Left ventricular stroke work index (Fig. 4 d) 
was increased from 45(4) to 53(5) g m/m? (p<0-0025) 
while systemic vascular resistance fell from 1693(59) 
to 1247(124) dyn s cm 5 (р<0:01) (Fig. 4 c). 


25 (а) © Pulmonary artery pressure 
@ Pulmonary capillary wedge pressure 





0 2 4 6 10 12 
4 лое | Ткте (h) ‘ 
EI 
a | < 
B. 
6 
о 
8 
4 Жүл аач. _ ө 
0 1 2 
4 Time (h) 





Peak value Time of peak p value 
response (А) 
4 4 NS 

7 4 NS 
1 1 <0-01 
162 4 <0 001 
3-2(0-2) 4 <0-001 

6(3) 4 <0-0005 
1247(124) 4 <0-01 
53(5) 4 <0-0025 


The maximum change in mean pulmonary artery 
pressure from 20(2) mm Hg to 16(2) mm Hg occurred 
at four hours (p<0-001) and in pulmonary capillary 
wedge pressure from 14(2) mm Hg to 102) mm Hg at 
one hour (p«0-01) (Table 2, Fig. 2). 

Heart rate was not significantly altered in the group 
аз a whole, the control heart rate being 69(6) beats/ 
min and 76(5) at four hours (Table 2). Nevertheless, 
in the seven patients who subsequently showed an 
improvement in exercise tolerance the heart rate rose 
from 69(6) to 80(5) beats/min at four hours (p« 0-05) 
(Fig. 3 a). 


EXERCISE TESTING 

All patients had appreciably impaired exercise toler- 
ance before treatment (Fig. 5, Table 3). After two 
weeks’ treatment with xamoterol there was a 
significant improvement in exercise tolerance in seven 
patients (p<0-05) (Fig. 3). One patient failed to show 


164(5) 


Fig.2 Restng haemodynamic 
variables after a single oral dose of 
xamoterol on (a) the first day and (b) 
in the eighth week; (c) resung cardiac 
index after a single oral dose of 
xamoterol in the eighth week. Values 
are mean (SEM). 
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response to a single oral dose of xamoterol: (a) cardiac index; (b) 
stroke volume index; (c) systemic vascular resistance; and (d) left 
ventricular stroke work index. 
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70 . Placebo 
Fig. 3 Heart rate response to a single oral dose of xamoterol (a) 
at rest and (b) during exercise. Values are mean (SEM). 


an improvement in exercise tolerance. Two had 
stopped treatment before two weeks; one because of 50 
nausea and the other on his own initiative because of 
lack of subjective improvement in symptoms. With 
placebo the exercise tolerance fell to pretreatment 
levels in six patients whose exercise tolerance had 
improved on the drug. It was unchanged in two 
patients. When xamoterol was restarted there was an 
improvement in exercise tolerance in the six patients 
who had deteriorated with placebo and in one of the 20 
patients who showed no change in exercise tolerance 
with placebo. The condition of the other patient who 
showed no change with placebo deteriorated and he 
was withdrawn from the study after a further two 
weeks of xamoterol. 0 
The change in exercise tolerance with the drug was 6 
significantly greater than that with placebo (p<0-05) Time (weeks) 
(Table 3). The increase in heart rate with xamoterol Fig. 5 Changes in exercise tolerance in the 10 patients during 
after maximal exercise was significantly lower than long term administration of xamoterol and placebo. Numbers are 
that with placebo (p<0-05) (Fig. 3 b). case numbers 
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Table 3 Exercise tolerance in study patents. Values are mean (SEM) 


Time (weeks) Treatment groen Work done (7 x109 p value (n)* 
0 Baseline AU (10) 

0-2 Xamoterol 200 mg twice daily 34 16 <0 05(8) 
2-A Plecebo 26 7(5 2 (8) 

4—6 Xamoterol 200 mg twice daily 39-7(4- <0 057) 
6-10 Xamoterol 200 mg twice daly 33 66 5) <0057) 





*Significance levels denved from comparison of exercise tolerance with placebo and xamoterol. 


Discussion 


Previous work suggests that there is increased activity 
of the sympathetic system as well as changes in the 
reninangiotensin and vasopressin neurohumoral sys- 
tems in chronic heart failure.5 These pathophysiologi- 
cal derangements occur to varying degrees in different 
patients. Xamoterol has been shown to have 40% of 
the chronotropic and inotropic effects of the pure 
agonist isoprenaline.? During exercise it reduces the 
chronotropic response to sympathetic stimulation.^? 
It therefore shows both beta adrenoceptor agonism 
and antagonism, depending on the prevailing level of 
sympathetic activity; it is a beta, adrenoceptor partial 
agonist. 

This study shows that xamoterol can improve rest- 
ing haemodynamic variables and exercise tolerance in 
some patients with pronounced impairment of left 
ventricular function caused by myocardial infarction. 
At low levels of sympathetic activity it acts as a beta, 
adrenoceptor agonist as shown by the increase in 
stroke volume, left ventricular stroke work index, and 
heart rate and the fall in pulmonary capillary wedge 
pressure that occurred in most patients. The fall in 
systemic vascular resistance is probably the result of 
increased cardiac output promoting a reduction in 
endogenous sympathetic activity rather than a direct 
vasodilator action. Certainly, work in animals has 
shown that the drug is not a vasodilator. It is likely 
that in the two patients in whom the drug did not have 
a positive inotropic or positive chronotropic effect 
sympathetic tone was higher and the drug acted as a 
beta adrenoceptor antagonist. These two patients had 
the lowest ejection fractions of the group. 

The patients in whom the drug caused a positive 
chronotropic effect at rest experienced an improve- 
ment in exercise tolerance, whereas those in whom the 
drug had a negative chronotropic effect and who pre- 
sumably had higher levels of sympathetic activity at 
rest did not benefit in terms of exercise tolerance. 

The results from this small study suggest that 
whereas the drug can be given safely and with benefit 


Ds Te 


to patients with poor left ventricular function (mean 
ejection fraction 2896) it may be harmful to patients 
with extremely poor ventricular function who depend 
on high levels of sympathetic nervous system activity. 


We thank Mr Eric B Faragher for statistical assist- 
ance. 
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How important is a history of chest pain in determining 
the degree of ischaemia in patients with angina 
pectoris? 


ARSHED А QUYYUMI, CHRISTINE M WRIGHT, LORNA J MOCKUS, KIM M FOX 
From the National Heart Hospital, London 


SUMMARY Since therapeutic decisions in patients with angina pectoris are usually based on the 
reported frequency of exertional and rest pain the relations between the historical frequency of chest 
pain and objective evidence of myocardial ischaemia during normal daily activity were investigated 
in 100 patients by 48 hour ambulatory ST segment monitoring. Of these 100 consecutive patients 
with chest pain, 91 had typical pain and nine some atypical features. Twenty six patients had normal 
coronary arteries and 52 of the 74 with significant coronary disease had ambulatory ST segment 
changes. There was no relation between the frequency of reported exertional or rest pain and (а) the 
severity of coronary artery disease or (b) the frequency of daytime or nocturnal ST segment changes. 
Twelve patients had nocturnal ST segment changes but only four complained of nocturnal angina. 
Most patients had both painful айй painless episodes of ST segment changes, but a substantial 
number had either painless or painful episodes only. These differences were not related to the 
severity of coronary artery disease. Chest pain after the onset of ST segment change was perceived 


with wide interpatient and intrapatient variability. 
Thus the frequency of pain is a poor indicator of the frequency of significant cardiac ischaemia. 
Individual differences in the perception of pain may be more important. 


One of the earliest descriptions of the clinical syn- 
drome of angina pectoris was by Heberden in 1772.! 
Later, pathological studies showed the frequent 
association between angina pectoris and obstructive 


coronary artery disease.? More recent studies, how-. 


ever, have underlined the poor correlation between 
the frequency and distribution of anginal chest pain 
and the severity of underlying coronary artery dis- 
ease.?7 5 Although these studies compared ће subjec- 
tive symptoms of chest pain with the anatomical fea- 
tures of the coronary arteries, no correlations have 
been found between the frequency of chest pain and 
objective indices of myocardial ischaemia in patients 
with varying severity of coronary artery disease. 
Reversible changes in the ST segment have been 
shown to coincide with periods of myocardial 
ischaemia, but these may or may not be accompanied 
by anginal pain in patients with or without underlying 
obstructive coronary artery  disease./5 Recent 
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..improvements in ambulatory electrocardiographic 


recording systems have enabled us to observe changes 
in the ST segment during the patient's normal daily 
activities.? The relation between the occurrence of 
chest pain and the appearance of myocardial 
ischaemia (ST segment shifts) in patients with varying 
severity of coronary artery disease can thus be 
studied. 

'This study was designed to investigate the relation 
between the historical frequency of chest pain and 
myocardial ischaemia as determined by ambulatory 
electrocardiographic ST segment monitoring. 


Patients and methods 


STUDY POPULATION 
One hundred consecutive patients (74 men, 26 
“women; mean (SD) age, 53-2(9) years) referred to one 
consultant cardiclogist at this hospital and undergoing 
diagnostic coronary arteriography for chest pain were 
investigated. Patients with severe conduction defects 
or gross left ventricular hypertrophy on the elec- 
trocardiogram, atrial fibrillation, severe valvar heart 
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disease, and taking digoxin were excluded. Evidence 
of an old transmural myocardial infarction with elec- 
trocardiographic Q waves was present in 27 patients, 
and there were resting ST-T wave changes in a further 
21. Informed consent was obtained from every 
patient. 


CHEST PAIN 
All patients complained of chest pain. Important fea- 
tures in the patients’ history were particularly noted. 

Typical angina pectoris denoted pain anywhere in 
the chest with or without radiation, occurring on exer- 
tion and relieved promptly with rest or sublingual 
nitrates. The pain was often associated with other 
precipitating factors and sometimes occurred also at 
rest during the day. 

Atypical angina pectoris denoted pain that was sug- 
gestive of myocardial ischaemia but had some atypical 
features. 

Resting or nocturnal angina pectoris or both denoted 
typical anginal chest pain occurring not only during 
exertion but also at rest during the day or wakening 
the patient at night. 


STUDY PROTOCOL 

After hospital admission all antianginal medication 
was withdrawn 48 hours before further investigations 
were started. Glyceryl trinitrate was given for chest 
pain. Unless the patient complained of chest pain with 
minimal activity, he was encouraged to be mobile 
inside and outside the hospital. Ambulatory elec- 
trocardiographic ST segment monitoring was per- 
formed for 48 hours, during which time the patients 
kept angina diaries. They noted the time of onset of 
chest pain and the activity at the time of pain during 
the period of ambulatory monitoring. 


AMBULATORY MONITORING 

A two channel recording was obtained using two pairs 
of bipolar electrodes which were applied precordially 
to record lead CMS in the first channel. Inferior 
changes were recorded in the second channel using a 
lead resembling aVF in 35 patients and a lead 
resembling lead П in the other 65. A 48 hour two 
channel recording was obtained on magnetic tape 
using a frequency modulated recorder (Oxford 
Medilog 2, frequency response 0-05-40 Hz). The 
tapes were then visually analysed at 60 times normal 
speed (Oxford Medilog MA20 scanner), and areas of 
interest were printed out at 25 mm/s. 

Significant ST segment depression was defined as 
planar or downsloping shift of the ST segment of =1 
mm in magnitude 0-08 s after the J point. Significant 
ST segment elevation was defined as an upward shift 
of the ST segment of =1 mm in magnitude at the J 
point. 


ANGIOGRAPHY 

Conventional contrast left venticulography and coro- 
nary arteriography were performed and a significant 
lesion was defined as a =70% luminal narrowing 1n a 
major coronary artery. Left main stem stenosis was 
classed as two vessel disease. Five patients with nor- 
mal coronary arteries and ambulatory ST segment 
changes had ergonovine provocation, in which a mean 
dose of 0-6 mg was given intravenously and the 
angiograms were repeated. 


Results 
Of the 100 patients, 26 had normal coronary arteries, 


22 single vessel disease, 22 two vessel disease, and 30 
three vessel disease. Seven patients had left main stem 


Table 1 Subjective frequency of exernonal and rest pain ın panents with varying severity of coronary artery disease. Figures ате 

















numbers (%) of patents 
Coronary disease No of patents Number of episodes: 
>I iday <Iiday to >I hweck <I veek None 
Exertonal 
No of vessels affected: 291 
0 26 8 (2 5 2 13 (50) 0 (0 
1 22 10 (45) 5(23 7 (32) 0 (D 
2 22 9 ito 4 (18) 9 (41) 0 (0 
3 30 18 (60) 5 (17) 7 Q3) 0 63 
Left main stem 
stenoss* 7 7 (100) 0 (0) 0 (0) 0(0) 
Ран at rest 
No of vessels affected: 
0 26 4 (15) 4(15) 17 (6 2 (5) 
1 22 6 (28) 2 (9 8 (3 6 (28 
2 22 . 304) 4(18) 7 (32 8 ie 
3 30 6 (20) 200 8 (27) 4 
Left main stem 
stenosig* 7 2 (29) 103) 2 29) 209 


*These patients are also included in the figures for two and three vessel disease. 
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Table2 иесін frequency of exertional and rest pain in patients with coronary artery disease and episodes of ST segment change 
(during daytime only and during daytime and at night) and in patients with no ST segment change. Figures are numbers (96) of 
patients 











ST segment changes No of panents Number of eprsodes. 

>I May <liday to >I ítoeek <l юе None 

Exernonal 
Dayume onl: 41 22 (54) 4 (10) 15 (36) 0 К 
Nochmal and дауйше ll 6 (55) 3 (27) 205 0¢ 
None 22 9 (40) 7 (33) 6 0 (0) 
Rest pam 

Dayume only 41 5 un 6 (15) 15 (37) 15 (36) 
Nocturnal and dayume 1 3 (28) 0 (0) 4(3 5 
None 4 (18) 3 (13) 8 (38 7 (31 


stenosis. Ninety one patients complained of typical 
anginal pain and nine had atypical-featüres. One 
patient with atypical chest pain had normal coronary 
arteries but the other eight had significant coronary 
artery disease. 

Patients complained of pain of varying severity and 
type (Table 1). All suffered chest pain durng exertion 
in the daytime, 70% also complained of rest pain of 
varying frequency, and 3996 complained of nocturnal 
angina. 


RELATION BETWEEN PAIN AND THE SEVERITY OF 
CORONARY ARTERY DISEASE 

There was no correlation between the frequency of 
exertional or rest angina and the underlying coronary 
anatomy (Table 1). Thus 6096 of patients with three 
vessel disease complained of frequent (71 episode a 
day) exertional pain, and. 3196 of patients with normal 
coronary arteries also had frequent exertional pain. 
Similarly, frequent (^1 episode a day) rest pain 
occurred in 2096 of patients with three vessel disease 
and also in 1596 of patients with normal coronary 
arteries. All seven patients with left main stem 

- stenosis complained of frequent exertional pain. 


RBLATION BETWEEN PAIN AND AMBULATORY ST 
SEGMENT CHANGE 
Fifty one of the 74 (6996) patients with coronary 


artery disease had episodes of transient ST segment 
depression aüd one had episodes of ST segment 
elevation and depression during 48 hours of ambulat- 
ory monitoring (Table 2). ST segment changes occur- 
red during the daytime on exertion in all 52 patients 
with ambulatory ST segment changes, and nocturnal 
resting ST segment changes occurred in 11 Oe of 
patients with coronary artery disease. Р 
ТаЫе 2 compares the historical frequency fe exer- 
tional and rest pain with the frequency of ambulatory 
daytime (exertional) anc nocturnal (resting) ST seg- - 
ment changes. There was no correlation between the 
frequency of exertional or of rest pain and the fre- 
quency of observed daytime or nocturnal ST segment 
changes. Thus a history of frequent (>1 episode a 
day) exertional angina was obtained not only from 
54% of patients with ambulatory ST segment changes 
but also from 40% of patients with no ambulatory ST 
segment changes after 48 hours of monitoring. Simi- 
larly, a history of infrequent (<1 .episode a. week) 
chest pain was obtained from 33% of patients who had 
ambulatory ST segment, changes: during 48 hours of 
monitoring. Almost 90% of 39 patients with varying 
frequency of nocturnal aügina pectoris had no noc- 
turnal ST segment changes during 48 hours of 
monitoring. When the historical frequency of rest 
pain was analysed, 75% of patients with frequent (>L 
episode a day) pain had no nocturnal resting ST seg- 


Table 3 Frequency of painful and painless episodes of ST segment change in patients ший varying severity of coronary artery disease 


Coronary artery disease No of panents 





% Of pamful episodes Number of patients: 





With painful and Wuk painful episodes Wath painless episodes 
painless episodes only only 
Normal 5 8 1 0 4 
Spasm 1 39 1 0 0 
o of vessels affected 
1 11 31 5 4 2 
2 17 48 5 4 8 
3 24 29 14 6 4 
Left main stem 
stenosis* 7 36 6 0 1 


*These patients are also included ın the figures for two-and three vessel disessc- 
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Table 4 Canpanson between the frequency, duration, and 
magnitude of painful and painless ST, segment change in 24 
patients with coronary artery disease and épisodes of both pamful 
and painless ST segment change. Values are mean (SD) 


Рақыш Pamnless 
No of episodes 4-X4- 5 9(4.8) 
Duration (mns) 23505 1610) 
Magnitude (mm) 210 D 1-60 8) 


ment changes, whereas 36% of the patients with noc- 


turnal ST segment changes complained of no rest pain | 


(Table 2). 


ANALYSIS OF PAINFUL AND PAINFREE ST 
SEGMENT CHANGES í 
In 52 patients with coronary artery disease and 
ambulatory ST segment changes, a mean of 30% of all 
episodes of ST segment change recorded were associ- 
ated with pain. In the five patients with normal coro- 
nary arteries and ambulatory ST segment depression, 
` however, only опе episode (8%) was accompanied by 
pain (Table 3). 
к> patients with coronary artery disease, 27% of 
patients had painful episodes of ST segment change 
only, 27% of patients had painfree episodes of ST 
segment change only, and 46% had both painful and 


painless episodes of ST segment change during: 


monitoring. Nevertheless, there was no significant 
difference between the occurrence of painful or.pain- 
free episodes and the severity of underlying coronary 
artery disease (Table 3). 

The characteristics of painful episodes of ST seg- 
ment changes were compared with the painfree 
episodes in 24 patients who had both types of episodes 
during monitoring (Table 4). Painful episodes of ST 
segment change tended to be longer in duration and 
greater in magnitude than painless episodes, although 
these differences were not statistically significant. 


ACTIVITY ANALYSIS 

The activity at the time of chest pain was recorded by 
the 37 patients who also had ST segment changes on 
the electrocardiogram. Whereas 6396 of these episodes 
were recorded as occurring during activities such as 
walking, shaving, or eating, 3796 of the episodes 
occurred at rest during the day or at night. Chest pain 
was reported to occur a mean (SD) of 11(18) mins 
after the first onset of ST segment change, ranging 
from the time coinciding immediately with the onset 
of ST segment depression to 48 minutes after the 
onset of ST segment change. There was a wide intra- 
patient and interpatient variability in the time of onset 
of ST segment change on the electrocardiogram and 
the perception of chest pain. 


Discussion 


The patient's history of typical anginal chest pain is 
still regarded as one of the most sensitive indicators of 


, the likelihood of the presence of significant coronary 


artery disease.!? It is, however, possible for myocardial 
ischaemia and true angina pectoris to occur in this 
group of patients as a result of localised coronary 
artery spasm,!! which could be found in one of the six 
patients who had ambulatory ST segment changes. 
Two important points emerged from analysing this 
consecutive series of patients. Firstly, the clinical his- 
tory of the type of frequency of chest pain was 
insufficient to identify the severity of underlying 
coronary artery disease (Tables 1—3). Secondly, 
ambulatory ST segment monitoring but not the his- 


_ tory was able to identify the patient who had normal 


coronary arteries and coronary spasm. 

Chest pain suggesting myocardial ischaemia can 
occur as a.result of several non-cardiac conditions, 
and these may have been the cause in the vast majority 
of patients with normal coronary arteries. Neverthe- 
less, 27% of patients with significant coronary artery 
disease also developed chest pain that was not associ- 
ated with objective evidence of myocardial ischaemia 
(ST segment depression). A greater proportion of 
these patients, however, had episodes of ST segment 
change at other times associated with “similar” bouts 
of pain.’ These factors underline the difficulties of 
ascribing similar degrees of ischaemia to all episodes 
of pain complained of by the patient, as some episodes 
were associated with pronounced ST segment changes 
and others resulted in no change in the electrocardio- 
gram. Although shifts in the ST segment of > 1 mm in 
magnitude only were regarded as significant for 
ischaemia, care was taken to analyse the electrocar- 
diogram when the patients complained of chest pain, 
and almost invariably no changes in the ST segment. 
or T waves were observed. 

Exertional angina is often treated with beta 
adrenoreceptor antagonists, which reduce myocardial 
oxygen demand at a given workload,!? but ischaemia 
at rest is often treated with vasodilators.!? 14 These 
therapeutic decisions in clinical practice are often 
based on the patient's history and factors precipitating 
pain. This study highlights the unreliability of the 
history in determining the extent and frequency of 
myocardial ischaemia during the day or at rest at night 
as this may lead to either overestimation or underes- 
timation of the ischaemia. 

Usually, the subjective frequency of chest pain 
underestimated the frequency of myocardial 
ischaemia!5 in patients in whom ST segment changes 
were recorded. In fact, 14 patients had painfree 
episodes only. The reason why pain occurs with one 
episode of ST segment change and not another in the 
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same patient is still not fully understood. There is a 
suggestion from this series of patients and other 
reports!5 that painful ischaemia is more profound in 
terms of either the size of myocardium involved or the 
duration of ischaemia. The perception of chest pain 
from the time of onset of the first change in the ST 
segment showed a considerable variation in the same 
patient and between individual patients. It is clear, 
therefore, that the occurrence of chest pain with 
ischaemia is dependent on individual factors as well as 
on the magnitude of underlying ischaemia. !5 16 

Prognostic information is not as yet available for 
patients who have multiple episodes of painful and 
painless ST segment changes during normal daily 
activities,!7 and long term studies are necessary to 
investigate the significance of asymptomatic myocar- 
dial ischaemia. 


We thank the British Heart Foundation for their sup- 
port. 
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Ischaemic heart disease and prodromes of sudden 
cardiac death 

Is it possible to identify high risk groups for sudden cardiac 
death? 


JAN KYST MADSEN 
From the Medical Department B, Frederiksborg County Hospital, Hilleréd, ОеттатЁ 


SUMMARY A study was carried out to determine the incidence of sudden cardiac death in a well 
defined population in relation to prodromes, medical history, and previous medical consultations 
before sudden cardiac death. In Frederiksborg county, Denmark (population 332 000), of 1309 
consecutive deaths in a six month period, 166 were due to sudden cardiac death; among men aged 
50-69, 22% of all deaths were due to sudden cardiac death. The incidence per 1000 population per 
year by age group (<50, 50-69, =70 years) was 0-19, 3-6, 11-4 in men and 0-12, 1-0, and 6-4 in 
women. The increasing incidence with age was significant. Ischaemic heart disease or hypertension 
had been recorded in 75% (124/166) of patients. Prodromes were reported in 54% (38/71) of patients 
with angina, and in 26% (25/95) without. Nineteen per cent (32/166) had neither prodromes nor 
overt heart disease. Forty six per cent of patients with known ischaemic heart disease and 24% 
without had consulted a doctor less than four weeks before death. Eight per cent had had a 
myocardial infarction within a year of death. 


Cardiac death is the leading cause of death in most 
countries in the industrialised world and accounts for 
20-30% of all deaths. Approximately 60-70%!~3 of all 
cardiac deaths take place within 24 hours of the onset 
of acute symptoms and are often called sudden cardiac 
deaths. Sudden cardiac death is usually caused by 
ventricular arrhythmias with or without acute 
myocardial infarction.* 

Sudden cardiac death is frequently the first mani- 
festation of ischaemic heart disease.!? It may be pre- 
ceded by acute myocardial infarction or angina pec- 
toris.?5 Furthermore, in patients admitted with sus- 
pected acute myocardial infarction, but in whom the 
diagnosis was ruled out, an increased risk of sudden 
death has been reported. 

Several attempts have been made to lower the mor- 
tality from sudden cardiac death both by reducing risk 


Requests for reprints to Dr Jan Kyst Madsen, Medical Department 
B, Rigshospitalet, University Hospital, DK 2100 Copenhagen Ø, 
Denmark 


Accepted for publicanon 15 January 1985 


factors for ischaemic heart disease—for example, 
hypertension, hypercholesterolaemia, or smoking—in 
the general population,® or in groups with increased 
risk factors,’ !? and also by giving beta blockers after 
acute myocardial infarction.’ Moreover, patients 
recuscitated in mobile coronary care units have been 
shown to have a good prognosis.! ! !? 

The purpose of this study was to determine the 
incidence of sudden cardiac death in relation to prod- 
romes, previous clinical findings, and previous medi- 
cal consultations in hospital and in general practice 
before sudden cardiac death. 


Patients and methods 


DEFINITIONS 

In this study sudden death was defined as unexpected 
natural death occurring instantaneously or within 24 
hours after the onset of acute symptoms or signs.'? 
The case was included if death was unwitnessed but 
likely to have fulfilled the above definition. Deaths 
among residents of nursing homes were not counted 
as sudden deaths. Sudden cardiac death was defined 
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28 Madsen 
Table 1 Incidence of sudden cardiac death (SCD) tn a six month period 
Age group Populanon of area Total No of deaths Total No of SCD SCD as % of death Inadence of SCD per 
(ж) tm пх months m ях rate (95% CI) year per 1000 
pandit poli (9596 CI) 

Men 

25-49 64 712 67 6 9 0 (3-4-18-5) 019 d 18-0 20) 

50-69 28 095 233 50 215 (02-150) 3-6 (35-37) 

270 9 093 382 52 13-6 (10 2-17 0 11-4 (11:2-11 6) 
Women: 

25-49 63 032 41 4 98 un 012 Al nv 

50-69 28 151 133 14 10 5 (5 3-15 7) 1:0 (0 9- 

>70 12 445 418 40 9-6 (3-6-15 6) 64 636, 3 


CI, confidence interval. 


as sudden death of which the cause was proved to be 
cardiac at necropsy or assumed to be cardiac because 
of clinical circumstances. 


STUDY POPULATION 
The basis for the study was all 218 cases of sudden 
death occurring between 1 May 1982 and 31 October 
1982 in Frederiksborg County (population 332 000). 
A total of 1309 deaths had occurred during that 
period. Some of the cases were identified when 
reported to the coroner or following admission to any 
of the four regional hospitals. The remainder were 
identified from death certificates after careful checks 
with the doctor-who had issued the death certificates. 
The diagnosis was based on necropsy findings in 118 
cases and on death certificates in the remaining 100. 
Of the 218 sudden deaths, 51 were of non-cardiac 
origin: 12 were due to pulmonary embolism, 21 to 
cerebrovascular disease, five to ruptured aortic aneur- 
ysm, four to gastrointestinal bleeding, three to asthma 
attacks, two to pneumonia, one to pulmonary car- 
cinoma, one to epileptic seizure, and two to undeter- 
mined causes. In one case the general practitioner 
could not be identified. Thus the study population 
consisted of 166 cases of sudden cardiac death. 


MEDICAL HISTORY 

Information about prodromes, duration of fatal 
attack, and medical history was obtained from the 
coroner, police reports, hospital records, and from the 
patient’s general practitioner, who in each case was 
asked to answer a standard questionnaire. Prodromes 
were defined as new symptoms or an aggravation of 


existing symptoms during the 14 days before death.. 


Chest pain, dyspnoea, palpitation, and dizziness were 
classified as prodromes of cardiac origin. Systemic 
hypertension and congestive heart failure were consi- 
dered to be present if the patient had been treated for 
either of these conditions. Previous admissions to 
coronary care units were noted. If an acute myocardial 
infarction had not been diagnosed such an admission 
was termed a “поп-асше myocardial infarction 
episode." 


STATISTICAL METHODS 

The statistical methods used were the x? test, Fisher's 
exact test, and a two sample t test. А p value of «0-05 
was considered to be significant. 


Results 


Of 166 cases of sudden cardiac death, 58 were women 
(median age 76 (range 29—94) years) and 108 men 
(median age 67 (range 36-95) years). One hundred 
and eight deaths occurred at home, 27 after admission 
to hospital, five at work, four in ambulances, three 
during sporting activities, and 19 elsewhere. 

One hundred deaths took place within one hour, 34 
between one and six hours, and 32 between seven and 
24 hours after the onset of acute symptoms. Sudden 
cardiac death accounted for 12.796 (9596 confidence 
intervals, 10-9-14-6%) of all deaths. Sudden cardiac 
death was found more often in men (15-096) than in 
women (97%) (p«0-001). In men it accounted for 
22% of all deaths in the age group 50—59, significantly 
more than in elder and younger men (p<0-01) (Table 
1). In women it accounted for approximately the same 
proportion of all deaths regardles of age (NS) (Table 
1). In the middle aged (50—69 years) significantly 
more deaths among men than among women were due 
to sudden cardiac death (p«0-01); in the older and 
younger age groups the proportions were similar for 
men and women (NS). The incidence of sudden car- 


Table 2. Inctdence of prodromes in two weeks before 
sudden cardiac death in relation to mamfest ischaemic heart 





disease (angina pectoris, previous acute myocardial 
infarction, or chrome heart failure) 
Тош No of Total No (X) 
panents with prodromes 
Without 95 25( 
With 71 38 29} р<001 
Wine 42 10 (24) 
1 ut 
With 124 53 020} psoot 
Total 16 63 (38) 


Heart disease and sudden cardiac death 


[ No IHD 
No hypertension Ё 


Hypertension 


No IHD 
а 
Lj and IHD 


E—— p«0 001—4À 
Fp«0 05J-p«0 014 





100 





Age (yr) 


Fig. 1 Inesdence of known ischaermc heart disease (IHD) with 
or tixthout hypertension and presence of hypertension unthout 
IHD before sudden cardiac death m 166 cases by age group. 





Fig. 2 Reported prodromes т the two weeks before sudden 
cardiac death in 166 cases їп relanon to age. 
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30 
10 

(9%) 
90 
© With IHD or hypertension 

70 {п= 124) 


Without IHD or hypertension 
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SCD 2 4 8 12 16 20 24 
Weeks before death 

Fig. 3 Percentage of patients consulting a doctor tn relanon to 
time of sudden cardiac death tn 166 cases; (a) shows all 
consultanons and consultations for cardiac complaints alone and 
(b) all consultanons for 124 patients nth known tschaermc heart 
disease (IHD) (angina pectoris, previous acute myocardial 
tnfarction, or chromc heart failure) or hypertension or both and 
for 42 vmthout. 


diac death increased with age both for men and 
women (p«0-001). For middle aged and older men 
the incidence was significantly higher than for women 
(p<0-01) (Table 1). 


ISCHAEMIC HEART DISEASE AND HYPERTENSION 
A history of ischaemic heart disease or hypertension 
was recorded in 124 cases (44 women, 80 men) and 
was more common in the older age group (Table 2, 
Fig. 1). Thirty eight patients had angina pectoris, 30 
congestive heart failure, 90 previous acute myocardial 
infarction, and 20 hypertension. 


PRODROMES TO SUDDEN CARDIAC DEATH 

Patients with ischaemic heart disease had prodromes 
more often than those without ischaemic heart disease 
(Table 2) (p<0-05). This was due to a high prevalence 
of prodromes in patients with angina pectoris. When 
patients with angina pectoris are excluded there was 
no significant difference in the incidence of prod- 
romes in patients with (3696) or without (2396) 
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Fig. 4 Occurence of acute myocardial snfarction and 
non-acute myocardial infarction episodes п the two years before 
sudden cardiac death (SCD) in 166 cases. Non-acute myocardial 


ischaemic heart disease or hypertension or both (NS). 
The occurrence of prodromes was unrelated to age 
(Fig. 2) (NS). 


RECENT MEDICAL CONSULTATION 

Ninety six patients had seen a doctor within the two 
months before sudden cardiac death; 71 of these con- 
sultations were because of cardiac symptoms (Fig. 
3a). Of the 124 patients with ischaemic heart disease 
or hypertension or both, 46% had seen a doctor within 
four weeks of death and, of the remaining 42 patients, 
26% had seen a doctor during the same period 
(p«0-05) (Fig. 3b). 


ADMISSION TO CORONARY CARE UNIT 
Non-acute myocardial infarction episodes were 


Table 3 Incidence of hypertension or angina pectoris or 
both in relation to chromic heart failure їп victims of sudden 
death who had had an acute myocardial infarction less than 
one year before death. Figures in parentheses are numbers 
receroing beta blockers 





Chrome heart foilure 
No Ye Total 
Hypertension or angina 
oris or both 
o 1 1 2 
Yes 10) 10) i1¢ 
Total 20) 11 13( 
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— Ó їй 26 patients, 14 episodes occurring less: 
than two years before death (Fig. 4), whereas acute 
myocardial infarction was diagnosed in 49 patients, 15 
occurring less than two years before death (Fig. 4). 
Теп (6-096) of the 166 patients had been in a coronary 
care unit less than two months before death. In 13 
(7-896) cases of sudden cardiac death acute myocardial 
infarction was recorded less than one year before 
death. Eleven had angina pectoris or hypertension, 10 
of whom were treated for congestive heart failure and 
five received beta blockers (Table 3). 


Discussion 


Sudden cardiac death is an important cause of death 
in middle aged men, among whom almost a quarter of 
all deaths are due to sudden cardiac death. This 
accords -with the established' fact that death due to 
ischaemic heart disease is the main cause of death in 
this group. 

The incidence of sudden cardiac death in this study 
(as given in Table 1) corresponds well with that in the 
study of Romo from Helsinki even though he 
included only cases of sudden death occurring within 
one hour of the onset of symptoms.!* In men he found 
an incidence of 0-1 to 1-7 per 1000 under 50 years, of 
1-7 to 6-4 from 50—69 years, and of 13-1 to 19-5 over 
69 years. For women the corresponding figures were 
0-1 to 0:2, 0-4 to 2-0, 1:5 to 7-1. In the Framingham- 
Albany study of men the incidence per 1000 was 1-2, 
3-9, and- 3-0 respectively in age groups 45—54, 55-64, 
and 65—74.!5 This differs from Romo’s findings and 
from our own as regards the oldest age group. The 
difference is difficult to explam, . but in the 
Framingham-Albany study only 10 deaths in this age 
group were recorded. 

One approach to prevention of sudden cardiac 
death may be to identify and treat subjects at greatest 
risk. In this study 75% of all patients who died of 
sudden cardiac death had manifest ischaemic heart 
disease or hypertension. A similar proportion was 
found in Baltimore? but a lower one in other 
studies.!!6 In the present study ischaemic heart dis- 
ease was not recorded in 70% of all patients with sud- 
den cardiac death under 50 years of age and in 45% ` 
between 50 and 69 years of age (Fig. 1). Table 4 shows 
the estimated prevalence of ischaemic heart disease, 
defined as previous acute myocardial infarction or 
existing anging pectoris, in the Danish population. 
The estimate is based on other Danish population 
studies. 1? ^1? On the basis of these figures is calculated 
the incidence of sudden cardiac death in subjects with 
and without ischaemic heart disease. Among younger 
subjects sudden cardiac death occurs mainly in those 
without known ischaemic heart disease, whereas in 
middle aged men an equal number occurs in men with 


Heart disease and sudden cardiac death 
Table4  Estmnated 
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of ischaerac heart disease (IHD), defined as previous acute myocardial infarction or angina редот, 


prevalence 
in a Danish population V?- 1? and estimated incidence of sudden cardiac death (SCD) tn subjects with and without ischaermic heart 

















disease 
Age group Inadence of SCD Estimated values (rate per 1000 population) 
(yr) (per 1000 population) 
Trevalence of Inadence of SCD in subjects 
IHD 
With IHD Wuhout IHD 
Men 
<50 0019 13 75 0 095 
50—69 036 100 193 1-8 
*70 1-14 130 73-5 23 
Women 
<50 0012 10 — 0 13 
50—69 010 2-0 28-6 0-43 
270 064 100 450 24 


and without known ischaemic heart disease. In mid- 
dle aged women and elderly men and women most 
sudden cardiac deaths occur in subjects with known 
ischaemic heart disease. Overall, most sudden cardiac 
deaths occur in subjects with known ischaemic heart 
disease. If effective prevention programmes were 
possible, the most immediate effect could be on the 
total number of sudden cardiac deaths in programmes 
applied to subjects with existing ischaemic heart dis- 
ease. 
The recorded incidence of prodromes before sud- 
den cardiac death depends on the method of investiga- 
tion. In our study 3896 of cases were reported to have 
had prodromes, but this included only information 
available from doctors, police reports, etc—that is, 
only of prodromes so severe that they had been 
reported before death or that the relatives had dis- 
closed after death. In constrast, Alonzo et al inter- 
viewed the relatives after death and found that 64% of 
victims had complained of prodromes.! In our study, 
in 2896 of all cases of sudden cardiac death the victims 
had consulted a doctor in the two weeks before death; 
this figure is slightly lower than in other studies, in 
which the proportion was 36-3896. !4 t6 

More of the patients with known ischaemic heart 
disease or hypertension had consulted a doctor 
recently, 3296 within two weeks and 6196 within two 
months (Fig. 3b), compared with 5196 in the study of 
Alonzo et а1.18 Prodromes were very frequent in this 
group especially among patients with angina pectoris. 
Of patients without ischaemic heart disease or hyper- 
tension, 1496 had consulted a doctor in the two weeks 
before death (Fig. 3b), a similar proportion to that 
found by Alonzo et al.!6 Twenty four patients had 
prodromes that retrospectively were found to be car- 
diac in origin, but no action had been taken because of 
them. Thirty two patients (1996 of all cases of sudden 
cardiac death) could not have been identified as being 
at risk for sudden cardiac death by detecting pre- 
existing ischaemic heart disease or hypertension or by 
the presence of cardiac prodromes. 


Non-acute myocardial infarction episodes are 
reported to be associated with an increased risk of 
cardiac death.97 In our study, in the 166 cases of 
sudden cardiac death, only 14 (896) pauents had non- 
acute myocardial infarction episodes less than two 
years before death, which 1s a very small proportion 
(Fig. 4) but comparable to the figure of 15 (996) who 
had suffered from acute myocardial infarction over a 
similar period. Prophylaxis in this group may therefore 
be almost as important as in patients after acute 
myocardial infarction. 

In only 13 patients had an acute myocardial infarc- 
tion occurred less than one year before death, which is 
the period often recommended for medical 
prophylaxis after acute myocardial infarction (Fig. 4). 
Eleven of these 13 had angina pectoris or hyperten- 
sion—possible indications for beta blocker 
treatment—and five were already receiving beta bloc- 
kers (Table 3). At the time of the study none of the 
hospitals in the region gave beta blockers prophylacti- 
cally to patients with acute myocardial infarction. 
Thus if acute myocardial infarction patients with 
hypertension or angina pectoris are treated with beta 
blockers or any other drug with a possible prophylac- 
tic effect on sudden cardiac death only very few cases 
of sudden cardiac death could possibly be prevented. 
Furthermore the impact of sudden cardiac death in 
society would hardly be influenced even by the use of 
routine prophylactic treatment after acute myocardial 
infarction since only 8% of sudden cardiac death vic- 
tims had acute myocardial infarction less than one 
year before death. 
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Benign coronary perforation during percutaneous 
transluminal coronary angioplasty 


B MEIER 


From the Centre for Cardiology, University Hospital, Geneva, Switzerland 


SUMMARY In two patients percutaneous transluminal coronary angioplasty was complicated by 
coronary perforation. In both cases the complication was managed conservatively. 


Two cases of coronary perforation or rupture during 
percutaneous transluminal coronary angioplasty have 
been reported. One patient was successfully treated 
with  pericardiocentesis and emergency bypass 
surgery! and the other died despite pericardiocen- 
tesis.? We report two cases of coronary artery perfora- 
tion during angioplasty that resolved spontaneously. 


Patients and methods 


CASE 1 

А 58 year old man was admitted for repeat percutane- 
ous transluminal coronary angioplasty five months 
after successful angioplasty of a stenosis of the right 
coronary artery. He had been free of symptoms for 
about two months after his initial treatment. Two 
weeks before repeat angioplasty a control coronary 
angiogram showed recurrence of the dilated stenosis 
(Fig. la). The patient was taking a regimen of aspirin 
100 mg daily, nitrates, and calcium antagonists. After 
the intravenous administration of 10 000 U heparin 
and intracoronary administration of 0-1 mg nifedipine 
and 0-2 mg isosorbide dinitrate a steerable guide wire 
(Schneider 0-014 inch) could be advanced with 
difficulty 2 cm past the stenosis where further 
advancement became impossible. An injection of con- 
trast medium through the catheter tip already beyond 
the stenosis failed to opacify the distal vessels but 
resulted in a linear deposit of contrast outlining the 
inferior pericardial sac (Fig. 1b). The balloon catheter 
and guide wire were withdrawn proximal to the 
stenosis. The patient remained haemodynamically 
stable and free of pain. The guide wire was advanced 
again, this time deep into a left ventricular branch. 
The balloon catheter could be advanced easily and a 
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distal injection of contrast outlined the artery contain- 
ing the guide wire. Several dilatations up to 8 atmos- 
pheres were performed with a pronounced reduction 
of the stenosis evidenced by control angiography. 
which showed no further extravasation. Remnants of 
the pericardial deposit of contrast were still visible 
(Fig. 10). The effects of the heparin were no: 
reversed, and the patient was discharged two days 
later after an uneventful recovery. Eight months later, 
when the patient was seen as an outpatient, he was 
free of symptoms. 


CASE 2 

A 60 year old man was admitted to hospital for un- 
stable angina. Cardiac catheterisation showed a nor- 
mal left ventricle and two moderate s' ¿noses of the left 
anterior descending coronary artery after the junction 
with a diagonal branch, which was totally occluded 
but faintly collateralised (Fig. 2a). The left circumflex 
coronary artery showed a non-significant narrowing, 
and the right coronary artery was normal. The 
patient’s angina remained unstable requiring treat- 
ment in the coronary care unit. Five days later per- 
cutaneous transluminal coronary angioplasty was per- 
formed. After a pretreatment regimen identical to that 
in case 1 a Schneider 3-0 mm balloon catheter was 
advanced over a guide wire (Schneider 0-014 inch), 
which had been manoeuvered with difficulty across 
the total occlusion of the diagonal branch. A distal 
injection of contrast medium opacified the distal por- 
tion of the diagonal branch. Several dilatations up to 6 
atmospheres were performed. Distal pressure rose 
from 35 mm Hg to 75 mm Hg. А control injection 
showed patency of the formerly occluded segment but 
also extravasation of contrast medium. The patient 
complained of a dull chest pain but remained 
haemodynamically stable. The balloon catheter was 
withdrawn, and angioplasty of the two stenoses in the 
left anterior descending coronary artery was success- 
fully performed. A final injection of contrast showed 
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Fig. 1 Case 1: Coronary angiograms showing the right Fig. 2 Case 2: Coronary angiograms showing the left coronary 
coronary artery in the left anterior oblique projection (a) before artery in the left anterior oblique projection with cranial 
angioplasty (stenosis indicated by large arrow); (b) after angulation (a) before angioplasty (stenosis of left anterior 
perforation (contrast deposit is visible in the pericardial sac (small ^ descending coronary artery indicated by small arrows, occlusion 
arrows); and (c) after angioplasty (dilated segment indicated by of diagonal branch indicated by large arrow), (b) after 

large arrow, remnants of pericardial contrast deposit by small angioplasty (contrast extravasation indicated by double arrow), 
arrows). and (c) two weeks later (site of previous stenoses of left anterior 


descending coronary artery indicated by small arrows, reocclusion 
of diagonal branch indicated by large arrow). 
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continuing extravasation of contrast medium at the 
site of the previous occlusion of the diagonal branch 
and patency of the vessel itself (Fig. 2b). The contrast 
deposit around the dilated vessel drained slowly into 
the pericardium. The effects of heparin were reversed 
with protamine sulphate, and an intravenous glyceryl 
trinitrate infusion was continued. Chest pain persisted 
for about two hours. No haemodynamic alteration, 
pericardial rub, increase in creatine phosphokinase 
activity, ог electrocardiographic changes were 
observed. A few days later the patient complained 
again about exertional angina. Control coronary 
angiography two weeks after angioplasty showed 
reocclusion of the diagonal branch at the initial site. 
The left anterior descending coronary artery was 
widely patent (Fig. 2c). Repeat angioplasty of the 
occluded diagonal branch was not attempted, and 
conservative treatment was recommended. Eight 
months later the patient was free of symptoms with a 
regimen consisting of a calcium blocker, nitrates, and 
aspirin. 


Discussion 


Our first case represents perforation of a distal coro- 
nary artery with the guide wire and the tip of the 
balloon catheter. Recognition of the false passage 
before balloon dilatation prevented enlargement of 
the perforation and allowed spontaneous sealing. This 
case emphasises the importance of a distal injection of 
contrast before balloon filling to determine the correct 
intraluminal position of the balloon catheter. 

Our second case represents a rupture of a relatively 
small branch as a result of the dilatation process itself. 


It is conceivable that both guide wire and balloon 
catheter were advanced subintimally through the 
occlusion re-entering the correct lumen distal to it, 
The correct intraluminal position of the balloon tip 
before balloon filling was established both by pressure 
measurement and dye injection. Dilatation with the 
relatively large balloon resulted in transmural dissec- 
tion of the arterial wall. Rapid termination of the 
angioplasty procedure with prompt reversal of 
heparinisation was probably crucial in prevenung 
cardiac tamponade. Unfortunately, not only the per- 
foration but also the re-established lumen closed 
spontaneously. The patient, however, still benefited 
from the successful angioplasty of the strategically 
more important lesions in the left anterior descending 
coronary artery. 

Drastic measures such as reocclusion of the bleed- 
ing vessel with the balloon, pericardiocentesis, or 
emergency operation suggested or performed in pre- 
viously reported cases of coronary perforation! ? were 
not necessary in these patients. Thus coronary perfo- 
ration due to balloon angioplasty may resolve spon- 
taneously but sull demands careful supervision and 
readiness for active treatment. 


References 


1 Kimburis D, Iskandrain AS, Goel I, et al. Transluminal 
coronary angioplasty complicated by coronary artery per- 
Ғогапоп. Cathet Cardiovasc Diagn 1982; 8: 481-7. 

2 Saffitz JE, Rose TE, Oaks JB, Roberts WC. Coronary 
arterial rupture during coronary angioplasty. Am f Car- 
dil 1983; 51: 902-4. 


Br Heart ў 1985; 54: 36-41 


Milrinone in heart failure 
Acute effects on left ventricular systolic function and 
myocardial metabolism 


a 


A D TIMMIS, P SMYTH, M MONAGHAN, L WALKER, K DALY, А A McLEOD, 
D E JEWITT 


From the Department of Cardiology, King’s College Hospital, London 


SUMMARY Milrinone, a new bipyridine compound related to amrinone, is a potent non-adrenergic 
inotrope in experimental preparations and also shows vasodilator activity. In the present study the 
haemodynamic and metabolic effects of milrinone were evaluated in 12 patients with congestive 
heart failure. Milrinone 5 mg given orally produced a sharp reduction in left ventricular end diastolic 
pressure without significantly affecting stroke volume. The improvement in left ventricular function 
was due to a combination of vasodilatation and positive inotropism. Thus small reductions in blood 
pressure and systemic vascular resistance were associated with increments in the isovolumic indices 
of left ventricular function. The relation between left ventricular end systolic pressure and dimen- 
sion was displaced leftwards and downwards. Only reductions in left ventricular cavity dimension 
were statistically significant, however. Though myocardial oxygen consumption did not change 


significantly, it tended to increase whereas lactate consumption tended to decrease. 
This trend towards oxygen imbalance suggests the need for caution in the use of milrinone in 


patients with severe coronary artery disease. 


Milrinone is a recently introduced derivative of 
amrinone. Both compounds share a bipyridine ring 
structure and increase the contractility of isolated 
heart muscle.! The inotropic potency of milrinone, 
however, is 10-30 times greater than that of its parent 


compound.? The mechanism of this inotropic effect , 


remains unclear. Milrinone is a potent inhibitor of 
cyclic adenosine monophosphate adenylic acid (AMP) 
phosphodiesterase,' but peak increments in muscle 
tension precede maximal increase in intracellular 
cyclic АМР.2 Phosphodiesterase inhibition is 
unlikely, therefore, to account fully for the inotropic 
properties of the drug. In addition to its direct cardiac 
effects, milrinone also relaxes vascular smooth muscle 
in experimental preparations, though at considerably 
higher doses than are required to produce a positive 
inotropic response.” 

Recent work has confirmed beneficial haemo- 
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dynamic responses to milrinone in patients with con- 
gestive heart falure.?^5 The contributions that posi- 
tive inotropism and vasodilatation make towards the 
clinical efficacy of the drug are, however, unknown. 
This question is important because the balance of 
these separate cardiovascular influences largely 
determines the effects of treatment on myocardial 
oxygen demand-——a consideration of particular rele- 
vance in patients with coronary artery disease.® 

In the present study, therefore, we measured 
haemodynamic and metabolic responses to milrinone 
in patients with congestive heart failure. In particular, 
we evaluated the effects of this agent on left ventricu- 
lar systolic function—as determined by contractile 
performance and loading conditions—and myocardial 
oxygen consumption. 


Patients and methods 


PATIENT SELECTION 
Twelve patients (10 men, two women; age range 
31—64 (mean) 52-7 years) were studied (Table 1). AII 
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Table 1 Patent characterisnes 
Case Мо Sexiage Gr) Diagnosis NYHA class EF (%) LVEDP (mn Нұ) Daly frusemde dosage (mg) 
1 M/39 -CAD ш 10 31 120 
2 М/55 САР ш 27 16 250 
3 MAS CAD II 44 24 80 
4 M754 CAD ш 13 23 80 
5 ме САР ш МА 17 80 
6 М/58 CCM ш 19 28 240 
7 Е/50 CCM H 39 8 40 
8 MAI CCM IH 22 14 40 
9 M/60 CAD ш 21 24 80 
10 Е/59 CCM ш NA 25 160 
11 М/53 CCM ш 23 8 120 
12 мє САР ш 10 15 120 





artery 


disease; CCM, congestive cardiomyopathy, EF, angiographic ejection fraction (not available (NA) їп two cases), 


CAD, coronary 
LVEDP, left ventricular end diastolic pressure (measured in the supine positon). 


were selected on the basis of moderate to severe con- 
gestive heart failure (New York Heart Association 
functional classes II and IIT) that had responded 
inadequately to conventional treatment. Ten patients 
had undergone diagnostic cardiac catheterisation 
within 12 months of the study. This had confirmed 
severely impaired left ventricular function with a 
mean (SEM) angiographic ejection fraction of only 23 
(4996. Seven of the 10 patients had coronary artery 
disease by angiographic or clinical criteria and the 
remainder congestive cardiomyopathy of uncertain 
cause. The patients were all in stable sinus rhythm. 
Written informed consent was obtained from each 
patient before inclusion in the study, which had been 
approved by the hospital ethical committee. 


CARDIAC CATHETERISATION 

The patients were studied in the supine position after 
fasting. Premediction with diazepam 5-10 mg orally 
was given. Heparin 1000 IU/hour was administered 
by continuous intravenous infusion for 12 hours 
before and during each study. All catheterisation pro- 
cedures were performed under fluoroscopic control 
using up to 20 mg of lignocaine local anaesthetic. À 
balloon tipped triple lumen thermodilution catheter 
(Edwards Laboratories Inc) was placed in the pulmo- 
nary artery. This permitted technically adequate right 
sided pressure measurements in all the patients except 
one, in whom baseline error made data interpretation 
impossible. In a second patient a satisfactory pulmo- 
nary capillary wedge pressure recording could not be 
obtained. The mean of at least four thermodilution 
cardiac output recordings was taken for each measure 
of cardiac output. Arterial pressure was monitored, 
and blood samples obtained, through the sidearm of a 
short sheath positioned in the femoral artery. А 
micromanometer tipped catheter (Millar Instruments 
Inc) was introduced through the femoral arterial sheath 
and positioned in the left ventricle for high fidelity 
pressure recordings. All pressures were measured 


with reference to the mid-chest and were recorded 
with an electrocardiogram on a Mingograph 82 
recorder (Siemens Ltd). Coronary sinus cannulation 
with a dual thermistor catheter (Wilton Webster Ltd) 
was performed in 10 patients using the techniques 
described by Ganz et al.” This permitted determin- 
ation of coronary sinus flow by continuous thermo- 
dilution. Adequate coronary sinus blood sampling for 
metabolic measurements was possible in eight of these 
patients. 


ECHOCARDIOGRAPHY 

In seven patients М mode echocardiograms (Hewlett 
Packard phased array sector scanner) of the left ven- 
tricular cavity were obtained at a level just below the 
free margins of the mitral valve leaflets where the sep- 
tum and posterior wall were clearly visible. These 
images were recorded simultaneously with the left 
ventricular pressure signal at a paper speed of 100 
mm/s. During these recordings the atrium was paced 
at a fixed preselected rate (15-20 beats/minute in 
excess of the control heart rate). The isovolumic in- 
dices of left ventricular function were also measured 
during fixed rate atrial pacing. 


DRUG ASSAY 

Serum samples for estimating milrinone concentra- 
tions were obtained in seven patients. À high pressure 
liquid chromatographic assay was used and was per- 
formed at the Sterling-Winthrop Research Centre. 


STUDY PROTOCOL 

Vasodilator drugs were withdrawn four days before 
the study. All other regular medications were with- 
held on the morning of the study. After placement of 
the catheters the patients were permitted to rest for 15 
minutes, and two sets of control haemodynamic 
measurements were then obtained 20 minutes apart. 
At the same time blood samples were withdrawn from 
the coronary sinus and the femoral artery for later 
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Table 2 Haemodynamac responses to milrmone in 12 patients with congestive heart failure. Values are mean (SEM) 














Before milnnone 5 mg (тип) After rrilinone 5 mg (mm) b 
valued 
20 0 30 60 90 
Heart rate (beats/min) 84 (5) 84 (5 3 (5)* 9 (5) «0 01 
Cardiac index (l/run per m?) 2-4 (0-2) 240 2-5 (01) 2-7 (0 1y** 27(02* «0-001 
Stroke volume index пира per m2) 29 (2) (2) 30 (1) 31 (2) 31 (2) NS 
Systolic blood p ressure (mm Hp 139 (7) 141 (7) 136 (7; 134 130 (7)** «0-01 
Diastolic biod, pressure mol g) 82 (2) 81(3) 79 (3) 77 (3) 78 (3 «005 
Меп blood pressure (mm Н; 101 (4) 102 (4) 97 (4 94 (4)* 95 (5)* <001 
с vascular resistance a 23 (1) 23 (1 20 (1 18 (1)*** 19 (2)** <0 001 
М night аспа! pressure (mm Hg) (п=11) 10 (2) 10 (2 8 (2)* 7 (2) 8 (2)* <0 001 
Mean pulmonary artery pressure (mm Hg) 
(n= 11) 30 (3) 29 (3) 23 3y* 22 (3)*** 23 (3)*** «0-001 
Pulmonary capillary wedge pressure 
тп Hg) (n= 10) 21 à 21 (2) 13 (2)*=** 10 (2)*** 10 (2)*** <0 001 
Left ventncular end diastolic pressure (mm Hg) 19 20 (2) 13 (2)** 9 ee 8 (2y** <0-001 
Left ventricular max dP/dt (mm Hg/s) 1160 (124) 1167 (119) 1278 (150) 1283 (150) 1228 (124) < 001 
Left ventricular max dP/dt/P (8—1) (2) 22 (2) 1 (3)*** 37 (3)*** 35 (3 «0 001 
Left ventricular min dP/dt (mm Hg/s) — 1096 (54) —1091 (50) —1237 (975 —1238 (91)х  -1250(88** «0-01 
Coronary sinus flow (ml/min) (n= 10) 108 (12) 106 (12) 113 (14) 125 (21) 136 (25) NS 
Coronary resistance (units) (n— 10) 096 (011) 0 98 (0-11) 0-92 (13) 0-86 (0 13) 0 83 (0 13) NS 


Overall a 


cance of changes b 
control rea 


(at 0 min): *p« 0-05, 001, **p<0 
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Fig. 1 Effects of milrinone on (a) cardiac index, (b) left 
ventricular end diastolic pressure, (c) systemic vascular 
resistance, and (d) left ventricular maximum dP |dt]P in 12 
patents. Mean (SEM) values are shown at baseline and 90 
minutes after milrinone. 


у Hr ie of variance, Mh not significant; significance of individual changes with respect to second set of 


biochemical analysis. Milrinone 5 mg was given 
orally, and haemodynamic measurements and blood 
sampling were repeated 30, 60, and 90 minutes later. 
The simultaneous left ventricular echocardiogram and 
pressure recordings were obtained at the same time 
intervals but always after the other haemodynamic 
variables had been measured and the blood samples 
had been taken. 


DATA ANALYSIS 

Measurements of stroke volume and vascular resis- 
tance (expressed in arbitary units) were derived by 
standard formulae. Cardiac output and stroke volume 
were normalised for body surface area. Isovolumic 
indices of left ventricular function—the rate of rise of 
pressure (dP/dt) and the quotient of dP/dt and instan- 
taneous pressure (P)— were derived by simultaneous 
analogue processing of the left ventricular pressure 
signal. The simultaneous records of left ventricular 
pressure and septal and posterior wall endocardial 
echoes were digitised between two consecutive R 
waves on tne electrocardiogram using a high resolu- 
tion (0-1 mm) digitising tablet (Summagraphics Ltd) 
interfaced with a microcomputer system (Commo- 
dore). 

Arterial and coronary sinus blood samples were 
assayed for whole blood lactate. Whole blood oxygen 
and haemoglobin concentrations were measured using 
a Radiometer OSM2 Hemoximeter; oxygen content 
was derived by the standard formula. Arteriocoronary 
sinus concentration differences in whole blood were 
calculated and the myocardial extraction ratios 
derived by dividing the arteriocoronary sinus differ- 
ences by the arterial concentrations expressed as a 
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Table 3 Senwn milrinone concentranons . Values are mean (SEM) (n=7) 

Before minnons 5 mg (min) After ruinnone 5 mg (тл) 

20 0 30 60 90 
Serum milrinone concentration (ng/ml) ND ND 89 3 (37 3) 123 9 (25 8) 102 5 (13 2) 


ND, not detectable 


percentage. Myocardial uptake was calculated as the 
product of arteriocoronary sinus concentration differ- 
ence in whole blood and coronary sinus flow. 


STATISTICAL ANALYSIS 

Two way analysis of variance was used to test the 
significance of the overall changes in individual 
haemodynamic and metabolic variables across time. 
Those variables which changed significantly (p<0-05) 
were then subjected to a modified t test—using the 
Bonferroni method—to identify the source of the dif- 
ferences.? 


Results 


No drug related side effects occurred during the 
study. 


HAEMODYNAMIC RESPONSES 
Table 2 summarises the haemodynamic responses to 
milrinone and Fig. 1 shows the individual patient 
data. Table 3 gives the serum milrinone concentra- 
tions. 

The data in Tables 1 and 2 confirm the severe 


1204 (о) 
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baseline left ventricular impairment that characterised 
this group of patients. Angiographic ejection fracuon 
was depressed, and despite treatment with frusemide 
both the left ventricular end diastolic pressure and the 
echocardiographic cavity dimensions were consider- 
ably increased (Fig. 2). Cardiac index and stroke vol- 
ume index, on the other hand, showed variable reduc- 
tions below the normal range. 

Although milrinone produced a prompt reduction 
in the increased left ventricular filling pressures (as 
reflected by the changes in left ventricular end dias- 
tolic pressure and pulmonary capillary wedge pres- 
sure) and a small reduction in right atrial pressure, 
cardiac index was increased. Stroke volume index, 
however, did not change significantly because of a 
small increase in heart rate. Reductions in blood pres- 
sure and systemic vascular resistance, though 
significant, were not pronounced. The isovolumic 
indices of left ventricular systolic function (max dP/dt 
and max dP/dt/P) both increased, the rise in max dP/ 
dt/P being particularly prominent. A tendency for 
coronary sinus flow to increase and for coronary resis- 
tance to decline was not significant. 

Milrinone produced a leftward shift in the relation 


140 





100 
120 
Ё 80 100 
{ 60 M 
$ 60 
> L0 
40 
20 
20 
0 0 
5 65 8 5 6 7 
LV dimension (cm) 


Fig.2 (a)and(b). Effects of milrinone on the relation between left ventricular (LV) pressure and dimension in two separate 
patients. Values before treatment (СІ and C2) and 30, 60, and 90 minutes after milione (M30, M60, M90) are shown. 
Open circles indicate the pressure-dimension relation at end systole. 
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Table 4 Changes in left ventricular end systolic pressure and dimension. Values are mean (SEM) (n=7) 








Left venmcular end systohc values Before minnone 5 mg (тил) 
20 0 

Pressure (mm Hg) 109 (5) 108 (5) 

Dimension (cm) 63 (0-3) 63 (03) 

Overall 


control рис (аї i mun): a 205, p. «0-01. 


between end systolic pressure and dimension (Fig. 2). 
The reduction in dimension was significant and was 
slightly more pronounced than the reduction in pres- 
sure (Table 4). In one patient reduction in the left 
ventricular end systolic cavity dimension occurrred 
during a progressive increase in pressure (Fig. 2a). 
More commonly, however, small reductions in end 
systolic pressure were observed (Fig. 2b). 


METABOLIC RESPONSES 

Table 5 summarises the effects of milrinone on 
oxygen and lactate metabolism. Arterial oxygen sat- 
uration and myocardial oxygen extraction remained 
remarkably constant during the study. Myocardial 
oxygen uptake, however, tended to increase though 
the trend was not statistically significant. The arterial 
concentration of lactate was also unaffected by mil- 
rinone, but the myocardial utilisation of this substrate 
declined; the fall in lactate extraction was significant. 
No patients showed lactate production during this 
study. 


Discussion 


This study has shown that the acute administration of 
milrinone to patients with heart failure is well toler- 
ated and leads to a useful improvement in resting left 
ventricular function. The data indicate that positive 
inotropism and vasodilatation combine to produce 
this beneficial effect. 

The patients included in this study all had moder- 
ate to severe degrees of heart failure caused by coro- 





After minnone 5 mg (min) р valuet 
30 50 90 

105 (6) 102 (5) 105 (6) NS 

60 (03) 5.9 (03у* 58 (0-3y** <0 001 


ee of variance. NS, not significant; significance of individual changes with respect to second set of 


nary artery disease or congestive cardiomyopathy. 
Milrinone produced only a small improvement in car- 
diac output, but the left ventricular filling pressures 
fell and in most patients were within the normal range 
60-90 minutes after drug administration. This reduc- 
tion in filling pressures during maintenance of cardiac 
output must reflect an improvement in left ventricular 
function. 

In studies of this type analysis of the mechanisms 
responsible for changes in left ventricular function is 
difficult. The effects of milrinone on the isovolumic 
indices of left ventricular performance and the rela- 
tion between end systolic pressure and dimension, 
however, strongly suggest a positive inotropic 
response to the drug. The isovolumic indices of ven- 
tricular performance provide a measure of contractile 
function but are also influenced by heart rate and 
loading conditions.!?!! In the present study the 
changes in loading that occurred in response to mil- 
rinone would have tended to reduce left ventricular 
max dP/dt.!° Because atrial pacing controlled for 
changes in heart rate, the increase in left ventricular 
max dP/dt during the study is best explained by an 
increase in contractility. Left ventricular max dP/dt/P 
is less susceptible to the influence of loading condi- 
tions,!! and the drug induced improvement in this 
measure of contractile function strengthens the con- 
clusion that positive inotropism contributed towards 
the beneficial effects of milrinone. 

The leftward displacement of the relation between 
left ventricular end systolic pressure and dimension 
that occurred in response to milrinone was due to a 


Table 5 Metabohc responses to milrinone in eight patients with congestive heart failure. Values are mean (SEM) 








Before minnone 5 mg (min) After minnone 5 mg (min) р valuet 
20 0 30 60 90 
Arterial saturation (96) 96-4 (0 965 29 97 0 (0 8) 964 e 8) 95-0 (0-9) NS 
Myocardial extraction (96) 64:7 (20 63.3 (2-5) 63.8 24 63 8 (2-4) 63:3 (2:2) NS 
IDE uptake (ml/min) 13:9 (2 13-3 (1-7) 14-5 (24 16 0 (3-2) 18:2 (4 1) NS 
ctete, 
Arterial concentration (mmol/l) 1101 1-0 (0-1) 1-0 (0-1) 1:0 (01 1-0 (0-1 NS 
Myocardial extraction (96) 29-5 52 29-7 (S. 23:5 (6 9) 21-9 (s 16-4 (53 <0 001 
Myocardial uptake (4.mol/mn) 35-0 (7 0. 33:9 (6 8) 308 fo) 34 1 (12-5) 25-9 (9-1 NS 


Overall significan: 


control at (at т min р<0 001. 


vengo by analysis of variance NS, not significant; significance of individual changes with respect to second set of 
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significant reduction in cavity dimension. The reduc- 
tion in end systolic pressure was not significant 
(unlike the change in peak systolic pressure measured 
in larger numbers of patients). Indeed in one case left 
ventricular pressure increased during simultaneous 
reductions in cavity dimension. Though we have pre- 
viously emphasised the caution that is necessary in 
interpreting data of this type!? (extrapolation from 
pressure-volume relations in the normal heart to 
pressure-dimension relations in the failing heart has 
not, as yet, been validated experimentally!) the 
reduction in end systolic dimension without pro- 
nounced alteration in end systolic pressure suggests a 
positive inotropic response to the drug.!^ The 
response to milrinone should be contrasted with the 
response to felodipine—a potent vasodilator—which 
produces a pronounced downward displacement in 
the relation between the end systolic pressure and 
dimension in patients with heart failure. +2 

The useful reduction in left ventricular filling pres- 
sures that occurred during this study is explained in 
part by the effects of milrinone on diastolic ventricu- 
lar funcnon. Preliminary work has shown that this 
drug improves indices of left ventricular diastolic 
relaxation and chamber distensibility in patients with 
heart failure.!5 Our finding of a significant increase 
in left ventricular min dP/dt supports this observa- 
tion. Associated systemic venous pooling, however, is 
likely to have contributed to the reduction in ventricu- 
lar filling pressures, and the small reductions in blood 
pressure and systemic vascular resistance point to 
associated arteriolar dilatation. Vasodilatation, there- 
fore, appears to make an important contribution to 
the beneficial haemodynamic effects of milrinone as 
indicated by the data of Cody et а1.1% 

The metabolic consequence of antifailure treatment 
is an important consideration in the assessment of new 
agents. Milrinone produced a small increase in heart 
rate in addition to enhancing contractility. Increments 
in myocardial oxygen demand, however, were to some 
extent offset by associated reductions in wall tension 
caused by diminished left ventricular cavity dimen- 
sions and vasodilatation.!? Thus myocardial oxygen 
consumption and lactate production did not change 
significantly. Both variables, however, tended to 
increase and the associated rise in myocardial lactate 
extraction was statistically significant. Though the 
determinants of lactate extraction are complex,!® our 
data do not exclude an adverse effect on myocardial 
ischaemia: further work is necessary to evaluate this 
issue. 

The beneficial haemodynamic effects of milrinone 
in congestive heart failure are confirmed in the pres- 
ent study. The drug, which is well tolerated, 
improves left ventricular systolic function as a result 
of simultaneous positive inotropism and vasodilata- 


4} 


tion. The combination of these separate cardiovascu- 
lar influences to some extent protects against myocar- 
dial ischaemia. The changes that occurred in oxygen 
and lactate metabolism, however, although not statis- 
tically significant, suggest the need for caution in the 
use of milrinone in patients with severe coronary 
artery disease. 


References 


1 Alous: AA, Canter JM, Montenaro MJ, Fort DJ, Ferran RA 
Cardiotonic acuity of milrinone, a new and potent cardiac 
bipyridine, on the normal and failing heart of experimental anı- 
mals ¥ Cardiovasc Pharmacol 1983; 5: 792-803 

2 Alous: AA, Stankus GP, Stuart JC, Walton LH. Characterizauon 
of the cardiotonic effects of milrinone, a new and potent cardiac 
bipyndine, on isolated ussues from several animal species 
9 Cardiovasc Pharmacol 1983; 5: 804-11. 

3 Sinoway LS, Maskin CS, Chadwick B, Forman R, Sonnenblick 
EH, Le Jemtel TH. Long-term therapy with a new cardiotonic 
agent, WIN 47203: drug-dependent improvement їп cardiac 
performance and progression of the underlying disease ў Ат Coll 
Cardiol 1983; 2: 327-31. 

4 Maskin CS, Sinoway L, Chadwick B, Sonnenblick EH, Le Jemtel 
TH Sustained hemodynamic and clinical effects of a new car- 
diotonic agent, WIN 47203, in patients with severe congestive 
heart failure. Стсшапоп 1983, 67: 1065—70. 

5 Bam DS, McDowell AV, Cherniles J, etal Evaluauon of a new 
bipyndine motropic agent—iulrinone—in patients with severe 
congestive heart failure N Engl F Med 1983, 309: 748-56 

6 Miller RR, Palomo AR, Brandon TA, Hartley CJ, Quinones MA 
Combined vasodilator and inotropic therapy of heart failure’ 
experumental and clinical concepts. Am Heart F 1981, 102: 500-8 

7 Ganz W, Tamura K, Marcus HS, Donoso R, Yoshida S, 
Swan HJC. Measurement of coronary sinus blood flow by con- 
tinuous thermodilution 1n man. Cradanon 1971, 44: 181-95 

8 Livesley B, Atkinson L. Accurate quanttative esumation of 
lactate in whole blood [Letter]. Cit Chen 1974, 20: 1478 

9 Wallenstein S, Zucker CL, Fleiss JL. Some stausucal methods 
useful in circulanon research Срс Res 1980, 47: 1—9. 

10 Wallace AG, Skinner NS Jr, Mitchell JH. Hemodynamic 
determinants of the maximal rate of nse of left ventricular pres- 
sure Am ў Physiol 1963; 205: 30-6. 

11 Mason DT, Braunwald E, Covell JW, Sonnenbhck EH, 
Ross J Jr. Assessment of cardiac contractility. The relation bet- 
ween the rate of pressure rise and ventricular pressure during 
isovolumic systole. Сесшапоп 1971, 44: 47-58. 

12 Tunmis AD, Campbell 5, Monaghan MJ, Walker L, Jewitt DE 
Acute haemodynamic and metabolic effects of felodipine in con- 
gestive heart failure Br Heart F 1984; 51: 445-51. 

13 Sagawa K. The ventricular pressure-volume diagram revisited 
Сис Res 1978; 43: 677-87. 

14 Borow KM, Neumann A, Wynne J. Sensitivity of end-systolic 
pressure-dimension and pressure-volume relatons to the 
inotropic state in humans. Crreulanon 1982, 65: 988-97 

15 Monrad ES, McKay RG, Baum DS, McDowell AV, Heller С, 
Grossman W. Does milrinone improve diastolic ventncular 
function in congesnve heart failure? [Abstract]. Crradanon 1983, 
68 (suppl III): 102. 

16 Cody RJ, Kubo SH, Muller FB, Rutman Н, Leonard D. 
Vasodilator ргорегпев of milrinone: an intra-arterial study [Abs- 
tract]. Crreadanon 1984; 70 (suppl IT): 11. 

17 Braunwald E. Control of myocardial oxygen consumption 
Physiologic and clinical considerations. Am 7 Cardiol 1971, 27: 
416-32. М 

18 Gertz EW, Wisneski JA, Neese R, Houser A, Korte R, Bristow 
JD. Myocardial lactate ехігаспоп` mulu-determined metabolic 
function. Crrculanen 1980, 61: 256-61. 


Br Heart ў 1985; 54: 42-7 


Milrinone in heart failure 
Effects on exercise haemodynamics during short term 
treatment 


A D TIMMIS, P SMYTH, D E JEWITT 
From the Department of Cardiology, King's College Hospital, London 


SUMMARY The effects of milrinone, a new bipyridine inotropic agent, on the haemodynamic 
responses to treadmill exercise were studied in 12 patients with congestive heart failure. Four weeks' 
treatment with milrinone 20 mg daily produced an improvement in left ventricular function during 
exercise as reflected by significant increments in cardiac index and stroke volume index without 
change in pulmonary capillary wedge pressure. Systemic oxygen consumption, measured at sub- 
maximal exercise, also increased suggesting that the drug induced rise in stroke output was associ- 
ated with improved skeletal muscle perfusion. Maximum exercise capacity increased. Importantly, 
the beneficial effects of milrinone on exercise haemodynamics and exercise tolerance were sustained 
throughout the four week treatment period. No drug related side effects occurred. After treatment 
with milrinone was stopped left ventricular function deteriorated to a level slightly, but significantly, 


worse than that before treatment. 


These observations indicate a potentially. useful role for milrinone in treating heart failure. 


Although treatment with diuretics effectively controls 
the congestive manifestations of heart failure, the 
' search for agents that provide sustained improvement 
in left ventricular function has been disappointing. 
The value of digitalis remains controversial, and 
despite the beneficial acute effects of vasodilators and 
beta adrenoceptor stimulants attenuation of respon- 
siveness to these agents frequently occurs.?~*. The 
introduction of amrinone, therefore (a non-adrenergic 
inotropic agent) generated considerable interest. 
Amrinone is a bipyridine compound that improves 
left ventricular function in the short term,‘ $ though 
long term benefit has not been confirmed in controlled 
studies. The clinical usefulness of amrinone is 
further limited by its toxic properties, which have led 
to thrombocytopenia and gastrointestinal intolerance 
in many patients treated with the drug. More 
recently, a second bipyridine compound, milrinone, 
has been developed. Milrinone has greater positive 
inotropic potency than amrinone in experimental pre- 
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parations® and, importantly, does not appear to share 
the toxic properties of its parent compound.!?71? In 
patients with heart failure, milrinone produces a 
prompt improvement in left ventricular function 
through a combination of positive 1notropism and 
vasodilatation; long term benefit in terms of improved 
exercise tolerance has also been reported.!9-1? 
Placebo treatment, however, can have similar benefi- 
cial effects an exercise tolerance in heart failure,!? and 
for this reason measurement of the haemodynamic 
responses to exercise is necessary to confirm sustained 
drug efficacy. In this report we describe the effects of 
milrinone on haemodynamic responses to treadmill 
exercise during treatment of patients with congestive 
heart failure. 


Patients and methods 


PATIENT SELECTION 

The 12 patients included in this short term evaluation 
of milrinone had all undergone ап acute 
haemodynamic study with the same drug at least three 
days previously (range 3-16 days). Table 1 summar- 
ises the patients' characterisncs and selection criteria, 
which have been previously described.!'^ Written 
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Table 1 Patient characteristics 
Case Мо Sexiage (yr) Diagnosis NYHA class ЕЕ (%)  LVEDP (mm Hg) Раф frusemde dosage (mg) 
1 M/39 CAD IH 10 31 120 
2 М/55 CAD ш 27 16 250 
3 M/45 CAD I 44 24 80 
4 М/54 CAD ш 13 23 80 
5 М/64 CAD Ш МА 17 80 
6 М/58 CCM ш 19 28 240 
7 F/50 CCM п 39 8 4) 
8 M31 CCM ш 22 14 40 
9 M/60 CAD Ш 21 ^24 80 
10 Е/59 CCM ш МА 25 160 
11 М/53 ССМ IH 23 8 120 
12 M/64 CAD II 10 15 120 
CAD, coronary artery disease, CCM, congestive cardiomyopathy, EF, angiographic ejecuon fraction (not available (NA) in two cases), 
LVEDP, left ventricular end diastolic pressure (measured in the supine position) 


informed consent was obtained from each patient 
before inclusion in the study, which had been 
approved by the hospital ethical committee. 


STUDY PROTOCOL 

All vasodilator treatment was discontinued at least a 
week before the study. Digoxin (four patients) and 
diuretic treatment were continued throughout the 30 
days of the study without alteration in dosage. Exer- 


cise studies were always performed after fasting late in. 


the afternoon about four to five hours after the mid- 
day milrinone capsule. The daily dose of diuretics and 
other regular medications were not withheld. The 
protocol was for a total of five exercise tests in each 
patient. The first, a preliminary test, permitted an 
assessment of maximal exercise capacity and was per- 
formed without invasive haemodynamic measure- 
ments. On day 1 of the study control haemodynamic 
data during exercise were obtained, after which 
treatment with oral milrinone 20 mg daily divided 
into four doses was started. Further exercise tests 
were performed after two days and four weeks’ of 
treatment—days 3 and 28 respectively. After day 28 
milrinone was withdrawn, and two days later (day 30) 
the final exercise test was performed. Ten patients 
completed the protocol. One patient was withdrawn 
from the study after day 3 because of a transient cere- 
bral ischaemic attack, which was not thought to be 
drug related. Another patient did not undergo the 
final exercise test after drug withdrawal on day 30. 

The patients were treated in hospital for the first 
three days of the study, after which outpatient follow 
up, with weekly review, continued until the last three 
days of the study when they were readmitted. Ат each 
follow up visit inquiries were made about drug related 
side effects, and the patients were supplied with 28 
milrinone capsules (one week's supply). Compliance 
was confirmed by capsule counting. Blood samples for 
platelet estimation were obtained before exposure to 
milrinone and again after four weeks treatment (day 
28). 


EXERCISE TESTS 

Heart rate was monitored from a .precordial lead. 
Arterial blood pressure was recorded from a cannula 
placed in the radial artery. А balloon tipped ther- 
modilution catheter placed in the pulmonary artery 
was used to monitor pulmonary capillary wedge pres- 
sure and cardiac output (measured in duplicate using 
10 ml of iced saline). All pressures were measured in 
the upright posture with reference to the sternal 
angle. This underestimated true left atrial pressure 
but ensured a constant zero level for all exercise tests. 
Arterial and mixed venous samples for gas analysis 
were drawn from the radial artery and the pulmonary 
artery respectively within one minute of the cardiac 
output measurements. Blood oxygen content, 
arteriovenous oxygen difference, systemic oxygen 
consumption index, and derived haemodynamic vari- 
ables were calculated using standard formulae. 

АП patients were exercised on a treadmill. The 
Bruce protocol was used in seven cases but in the 
remainder, all of whom were more severely symp- 
tomatic, the less demanding Naughton protocol was 
used. The same exercise protocol was used through- 
out the study in individual patients. After maximal 
exercise capacity had been established in the prelimi- 
nary test an arbitrary 70-8096 submaximal level was 
calculated. In all subsequent exercise tests 
haemodynamic measurements were made at rest, after 
two minutes of exercise, at submaximal exercise, and 
at maximal exercise. À final set of measurements was 
made during recovery, one minute after maximal 
exercise. Blood samples for gas analysis were drawn 
within a minute of the submaximal haemodynamic 
measurements, shortly before maximal exercise. Note 
that in individual patients the same level of submaxi- 
mal exercise was used in each test to provide a directly 
comparable set of data. 


STATISTICAL ANALYSIS 
The purpose of the statistical analysis was to detect а 
variation in the response to exercise over the 30 days 
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Table2 Haemodynamic responses to milrinone during exercise ín 12 patients with congestive heart failure. Values are mean (SEM) 











6 t rest exercise sif 
Day of study А Level of i Three way analy: 
of variance 
2 min Submaximal Maximal Recovery* 
Heart rate (beats mn) 
1 (21m 95 (5) 119 (2 133 (5) 146 ( 124 (4 
na 
3 12 96 (4 116 (3 129 149( 128 (e NS 
28 (n«11 93( 118 (3 128 (3 150 (3 125 
30 (n 10 98 (4) 115 (3) 128 151 (4) 132 (5) 
2 way analysis of variance NS NS NS NS 
Systolic blood pressure (mm H, 
1 (n= 12) 139 (9) 164 (11) 170 (12 176 (13) 150 (11 
3 (n=12 135 (10) 167 (14) 177 (1 171 (13) 165 (13 NS 
28 Aai 130 o 155 (9) 169 (14 163 (11) 156 (10) 
30 (n=10 131(9 151 (10) 158 (11 166 (14) 158 (8) 
2 way analysis of variance S S NS 3 NS 
Daastohc blood pressure (mm H; 
1(n212) 76 E 76 (4) 78 D 81 (4) 74 (4) 
3 (n=12) 76 (4 73 р 72 (2) 70 (2) 77 (2) NS 
28 (n= ig 75 (3) 70 (3 74 (3) 72 (3) 77 n 
30 (nz 10. 77 (3) 70 (3) 71 (3) 75 (3) 84 (4 
2 way analysis of variance NS NS NS NS NS 
Cardiac index (limn per m?) 
і tea 12) 1:9 (0 3 3-6 (0 4) 42(03 48(03 3-1 (0 2) 
3 (n=12 2:3 (02 4 4 (0-4)** 50(04 5.9 (0 4)** 3405 «0 001 
28 (n=11 20(01) 39(03 5-0 (0 3)* 5-8 (04 3-4 (02 р 
30 (п=1 19(0}) 36 (0-4 4-1 (0 4) 49(03 3-1 (0:3) 
2 way analysis of vanance p<0 05 p<0-001 p<0 001 «0-001 p<0 05 
S volume index (mlíbeat per m - 
10712 21 (2) 30 Ө) 32(2 33 (2) 25 (2 
3 (n= 12) 25 38 (3)** 39 (3 33 (2)* 29 (2 «0-001 
28 ай 21(2 33 (3) 39 (3* 39 (2) 27 (2 р 
30 (n= 10) 200 31 (3) 33 (3) 33 (2) 25 (1) 
2 way analysis of variance NS р<0:01 р<0 05 р<0 01 NS 
Pul wedge pri ( He) 
1 (n= 12) 4 (2) 11 Э 15 (3) 2) RI 7 К 
3 (n=12) 3 t 12 (3 16 8) 19 (3 8(2 <0 001 
28 noi 3 (2 12 (2) 15 (3 20 2 7 9 р 
30 (n«10 6 (2 16 (2) 18 (2) 25 (2 13 (3)* 
2 way analyms of variance NS NS р<0 01 р<0 01 
Systemic vascular renstance (units) 
1 (n= 12) 26 (2 17 (3) 14 ( 13 (1 17 (2) 
чет 22(2 13 (1)* 11(1 10 ü 15 (1) «0-001 
28 (n«11 24 (1 55 11 (1)*** 9(1)*** i6 P 
30 (n= 10) 6 (2 15 (2 12) 12 (1 17 (2) 
2 way analysis of variance S р<@01 р<0 001 р<0-001 NS 





*One minute after peak exercise. 


Staustical differences by 3 way and 2 way analyses of variance—significance of individual changes with respect to day 1: *p<0 05, **p«0 01, 


»**p« 0 001. 


of the study. А three way analysis of variance was 
used to detect any variation in the haemodynamic 
measurements between the study days corrected for 
time. When a significant difference (p<0-05) between 
days was found a two way analysis of variance was 
used to investigate the variation at each time point 
during the exercise period. Finally, a modified t test, 
by the Bonferonni method, was used to detect the 
source of the differences at those times, where 
significant variation was present.!5 
Results are expressed as mean (SEM). 


Results 
HAEMODYNAMIC RESPONSES 


Table 2 summarises the haemodynamic responses to 
treadmill exercise during the course of the study. The 


Figure shows the effects of milrinone on stroke vol- 
ume index and pulmonary capillary wedge pressure 
during exercise. 

Control (dey 1)—Despite the pronounced depres- 
sion of resting cardiac index and stroke volume index 
before milrinone treatment, the pulmonary capillary 
wedge pressure (measured in the upright position) 
was normal owing to the influence of diuretic treat- 
ment. During exercise, however, the pulmonary 
capillary wedge pressure increased rapidly to 20(3) 
mm Hg at peak exercise, though peak responses for 
cardiac index (4-8(0-3) l/min per m?) and stroke vol- 
ume index (33(2) ml/beat per m?) were severely 
attenuated. Systemic oxygen consumption at submax- 
imal exercise was only 56-7(5-4) ml/min per kg (Table 
3). In all cases it was the early onset of fatigue and 
dyspnoea that limited exericise tolerance (6-9(0-8) 
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Table-3 Changes т Systemic oxygen urihsation at submaximal and maximal exercise capacity. Values are mean (SEM) 








Day 1 Day 3 Day 28 Day 30 Two way analysis 
А of vanance 
Arteriovenous oxygen difference (vol/100 ml). 13-1 (07) 13-4 (0-6) 13-6 (0-7) 13-8 (0 7) NS 
Systemic oxygen consumption index 
(ml/min per ` 56-7 Кү 678 Ж) 68:2 (09. 58-5 (6 3) р<0 05 
exercise capacity (min) ‚ 69(0 > 0 84(09) 8.9 (09) 84(10) p<0-001 


minutes; Table 3), Heart rate and blood pressure rose 


normally with exercise and systemic vascular resis- 
tance declined. 

After milrinone (days 3 and 28)—Milrinone pro- 
duced a small increase in resting cardiac index com- 
pared with control values but did not significantly 
influence the resting data in other respects. Exercise 
responses, however, showed important differences. 
Thus by day 3 of the study both cardiac index and 
stroke volume index. were significantly higher than 
control values at every level of exercise. This 
improvement in the output response to exercise was 
sustained, and the measurements on day 28 were simi- 
lar (Fig.). A sustained reduction in exercise systemic 
vascular resistance also occurred during milrinone 
treatment, though the changes in this variable were 
small. The arteriovenous oxygen difference at sub- 
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(ml/beat per m2) 








0—0 Before treatment 
Qeon -0 After treatment (day 3) 
e-----e After treatment (day 28) 


2mm ' SM ы 
Level of exercise 


Figure Effects of milrinone on (a) stroke volume index and (b) 
mean pulmonary capillary wedge pressure at rest, after two 
minutes (2 min) of exercise, at submaximal (SM) exercise, and at 
maximal (M) exercise. Significance of difference between values 
after treabnent and pretreatment values: *p<0-05, =р<041. 
Values are mean (SEM). 


maximal exercise was not influenced by milrinone, 
but ‘systemic oxygen consumption increased 
significantly (Table 3). Exercise responses in other 
respects were unaffected. 

After milrinone (day 30)—Two days after milrinone 
withdrawal-all variables with the exception of pulmo- 
nary capillary wedge pressure reverted towards pre- 
treatment values and were not significantly different 
from these values at rest or during exercise. The pul- 
monary capillary wedge pressure, however, was 
always appreciably higher than pretreatment values, 
and the difference was significant for the measure- 
ments at peak exercise and one minute after peak 
exercise (Table 2). 


DRUG RELATED SIDE EFFECTS 

No drug related side effects occurred during the four 
week treatment period. In particular, the patients 
experienced no gastrointestinal symptoms, and there 
was no thrombocytopenia («100 х 109/1). Mean 
plasma platelet concentrations ( X 109/1) in 10 patients 
were 270(17) before milrinone treatment and 217(17) 
after 28 days. This change was not statistically 
significant. 


Discussion 


This study has shown that milrinone treatment in 
heart failure is well tolerated and improves the 
haemodynamic response to-treadmill exercise. Maxi- 
mal exercise capacity is prolonged. Importantly, these 
beneficial effects are sustained during long term 
treatment. The data suggest that a drug induced 
increase in the perfusion of working skeletal muscle is 
largely responsible for the improvement in exercise 
tolerance. 

The patients included in the present study had 
moderate to severe left ventricular dysfunction and 


‚жеге limited: principally by exertional fatigue and 


dyspnoea. The main aim of this investigation was, 
therefore, to determine the effects of milrinone treat- 
ment on the haemodynamic responses to exercise. 
Information of this type is not currently available. 
Though milrinone increased cardiac index at rest, the 
changes in other resting measurements were not 
significant in contrast to the effects of acute milrinone 
challenge.!* Тһе reason for this difference is not clear 
but might relate either to upright posture and heigh- 
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tened vascular tone or to the four to five hour delay 
between drug dosage and haemodynamic measure- 
ments in the exercise study. During exercise mil- 
rinone produced significant increments in cardiac 
index without affecting left ventricular filling pressure 
(as measured by pulmonary capillary wedge pres- 
sure). This must reflect an improvement in left ven- 
tricular performance. The heart rate response to exer- 
cise was not influenced by the drug indicating that the 
improvement in cardiac index was due entirely to an 
increase in stroke volume index. Precise analysis of 
the mechanisms of these beneficial haemodynamic 
effects is, however, not possible, but by inference 
from the acute responses at rest in the same group of 
patients it is likely that a combination of positive 
inotropism and vasodilatation was responsible for the 
changes observed.14 

The improvement in left ventricular performance 
during milrinone treatment was associated with an 
increase in systemic oxygen consumption at sub- 
maximal exercise. Previous investigators have also 
reported increments in exercise oxygen consumption 
in response to milrinone.!! Systemic oxygen con- 
sumption is determined by cardiac output and oxygen 
extraction. Since the oxygen extraction of metabolis- 
ing tissues is not impaired in patients with heart dis- 
ease changes in systemic oxygen consumption usually 
reflect changes in cardiac output or, more precisely, 
changes in perfusion of the metabolising tissues.!$ 
During exercise the increased oxygen demand derives 
primarily from the extra requirements of working 
Skeletal muscle. Thus our finding of a milrinone 
induced rise in systemic oxygen consumption suggests 
that the drug did not significantly alter the physio- 
logical distribution of arterial blood flow during exer- 
cise and that the increase in cardiac output was de- 
livered where it was needed—to working skeletal mus- 
cle. This contrasts with the effects of vasodilators that 
do not always increase oxygen consumption or maxi- 
mal exercise capacity in patients with heart fail- 
ure.!7 18 In a recent study with felodipine (а vasodilat- 
ing calcium antagonist) using a similar protocol we 
found a reduction in systemic arteriovenous oxygen 
difference at submaximal exercise such that oxygen 
consumption was unaffected despite increments in 
cardiac output.!? It was argued from these data that 
felodipine, like hydralazine and prazosin,!$ might 
redistribute flow away from skeletal muscle during 
exercise. Milrinone does not share this potentially 
adverse effect and may, therefore, be of greater 
therapeutic value than vasodilators since systemic 
oxygen consumption is a major predictor of functional 
capacity in patients with heart failure.?° 

The beneficial effects of milrinone on exercise car- 
diac index and oxygen consumption must have 
accounted in part for the improvement in exercise 
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capacity measured in the present study. Previous 
investigators have reported a similar symptomatic 
improvement during milrinone treatment in heart 
failure.!9 12 Drug withdrawal, however, did not cause 
a significant deterioration in exercise capacity despite 
return of cardiac index and oxygen consumption 
towards control values. Thus other factors, apart from 
the direct effects of milrinone, must have influenced 
the changes in maximal exercise capacity observed 1n 
the present study. The importance of training and 
patient motivation, for example, is impossible to 
quantify, and this inevitably limits the sensitivity of 
serial exercise testing as a measure of drug induced 
changes in left ventricular function.?! More useful 
information is provided by direct haemodynamic 
measurements and gas analysis. Only in a randomised 
controlled study, however, can the independent effect 
of milrinone on exercise capacity be properly evalu- 
ated. 

The natural history of congestive heart failure 
involves a variably progressive deterioration in left 
ventricular function that is often difficult to distingu- 
ish from drug tolerance in studies of this type. For 
this reason a four week treatment period was chosen 
since baseline cardiac status would not be expected to 
change appreciably during this relatively short period. 
Our data show that the improvement in exercise 
haemodynamics produced by milrinone was sustained 
during four weeks’ treatment without evidence of 
tachyphylaxis. This finding, which accords with that 
of other investigators,!97 12 is clearly of clinical impor- 
tance for the long term management of heart failure 
and may distinguish milrinone from some other drugs 
commonly used in this condition.2^* 

Two days after milrinone had been withdrawn 
exercise haemodynamic variables returned towards 
control values confirming that the changes observed 
during treatment were a direct result of the drug 
intervention. Pulmonary capillary wedge pressure, 
however, which had not changed during treatment, 
was higher than control values after drug withdrawal 
even though diuretic dosage was constant throughout 
the study. The difference was significant only at peak 
exercise and one minute after peak exercise and may 
simply reflect the extra stress, compared with that 
before treatment, caused by the patients' endeavours 
to equal the peak. exercise time achieved during mil- 
rinone treatment. (The potential influence of patient 
motivation on exercise tolerance has already been dis- 
cussed.) Alternatively, the finding could indicate a 
deterioration in left ventricular function to a level 
worse than that before treatment. Deterioration of 
this type has been reported after amrinone withdrawal 
in long term studies?? (though this could not be 
confirmed in a larger placebo controlled study?), and, 
more recently, Sinoway et al observed a similar 
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response to milrinone withdrawal.'!° These authors 
attributed the phenomenon to progression of underly- 
ing disease even though the average treatment period 
was only seven weeks. Our patients were treated for 
only four weeks—a period that resulted in no measur- 
able deterioration in baseline left ventricular function 
in a similar group’ of patients treated with 
felodipine.!? The possibility remains, therefore, that 
milrinone itself is responsible for this adverse effect. 
Increments in myocardial oxygen demand seen on 
acute milrinone challenge!^ would be a potential 
mechanism for an accelerated decline in baseline func- 
tional status as has been suggested on theoretical 
grounds with other inotropic agents.2? More work is 
required to resolve this issue. 

An important finding in the present — was the 
absence of drug related, side effects. Though the 
haemodynamic effects of milrinone are in most 
respects similar to those of its parent compound 
amrinone the toxic properties of amrinone, particu- 
larly thrombocytopenia and gastrointestinal distur- 
bance, have limited its clinical application.8 Our 
patients tolerated milrinone without complaint and 
plasma platelet concentrations were well maintained. 
Thus the beneficial haemodynamic effects of mil- 
rinone are combined with a high.level of patient 
acceptability. These properties suggest a potentially 
useful role for milrinone treatment in the long term 
management of congestive heart failure. Confirmation 
of this role, however, must await the results of ran- 
domised controlled studies. i 
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Nuclear magnetic resonance in hypertrophic 
cardiomyopathy 
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From the Nuclear Magnetic Resonance Imaging Unit, Royal Infirmary, Edinburgh 


SUMMARY The large differences in the spin lattice relaxation times (T4) of blood and myocardium 
(measured by nuclear magnetic resonance) allow the heart to be visualised without the use of 
contrast media. The findings using nuclear magnetic resonance in 11 unselected patients with 
hypertrophic cardiomyopathy were compared with those in equal numbers of normal subjects and 
patients with electrocardiographic features of left ventricular hypertrophy. In patients with hyper- 
trophic cardiomyopathy characteristic septal hypertrophy was noted together with variable and 
Sometimes pronounced hypertrophy of the left ventricular free wall, which is consistent with the 
heterogeneous nature of this disease. The mean (SD) ratio of septal to free wall thickness was 
1-5(0-8) for patients with hypertrophic cardiomyopathy, 0-8(0-2) for those with left ventricular 
hypertrophy, and 0-9(0:2) for normal subjects. Although septal measurements by nuclear magnetic 
resonance were greater than those obtained by echocardiography there was a significant correlation 
between the two. Septal and free wall area were significantly smaller in normal subjects. There were 
no differences in septal or free wall T, values between the three groups. 

Non-gated nuclear magnetic resonance can detect septal and free wall hypertrophy. With the 
addition of multiple slice acquisition, rapid estimation of myocardial mass will be possible allowing 


the potentially important assessment of progression or regression of myocardial hypertrophy. 


Hypertrophic cardiomyopathy is characterised by 
hypertrophy of myocardium, particularly of the inter- 
ventricular septum, without apparent cause. Distinct 
histological appearances—such as cardiac muscle cell 
disorganisation, again mainly of the septum—have 
been reported.! The diagnosis may be confirmed by 
echocardiography if the typical features (systolic 
anterior motion of the mitral valve, early aortic valve 
closure, and disproportionate thickening of the sep- — 
tum relative to the left ventricular free wall) are pres- 
ent. When few of the features are present or if 
echocardiography is technically difficult than doubt 
remains. In 1982 Goodwin suggested that angiocar- 
diography was still the most useful investigation.? 
Nuclear magnetic resonance can be used for both 
non-invasive visualisation of cardiac structures and 
tissue characterisation; the second can be achieved by 
using the spin lattice relaxation time (T,). The large 
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differences in the T, values of myocardium and blood 
allow clear separation between cardiac muscle and 


_cavity without the use of contrast medium. 


Using nuclear magnetic resonance we therefore 
examined the appearances of hypertrophic car- 
diomyopathy by measuring septal and free wall thick- 
ness and contrasting T, values with those found in 
concentric left ventricular hypertrophy and normal 
hearts. 


Patients and methods 


SUBJECTS 

Three groups were examined. The first consisted of 
11 unselected patients attending a cardiac review 
clinic with an established diagnosis of hypertrophic 
cardiomyopathy based on clinical, echocardiographic, 
and in two cases angiographic findings (Table 1). The 
second group consisted of 11 patients with left ven- 
tricular hypertrophy based on the electrocardiog- 
raphic criteria of Romhilt and Estes,* of whom nine 
had World Health Organisation stage III hyperten- 
Sion, one aortic stenosis, and one aortic coarctation. 


‘` —~The third group consisted of 11 age matched healthy 
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Table 1 Echocardiographic and nuclear magnenc resonance measurements m 11 patients wth hypertrophic cardiomyopathy 











Case No 25 M Mode echocardiography Nuclear magnetic resonance 
Septal Posterior LV SAM Barly closure Septum - LV free wall 
dackness wall thickness of aornc valoe 
(mm) (mm) Thickness Area - Thickness Area 
(mm) (an?) (mon) (ст?) 
1* 50 14 16 NO NO 14 4 38 23 407 
2 55 24 15 NO YES 23 4-96 7 4-40 
3 26 32 20 NO YES 32 735 20 7-17 
4 52 30 12 YES YES 41 7-69 54 8-82 
5 45 18 20 NO NO 26 514 23 717 
6 19 30 16 NO NO 30 462 14 5 57 
7* 48 20 18 NO NO 26 4-93 15 453 
8 32 32 14 YES YES 46 9 03 41 839 
9 68 15 12 YES YES. 29 $36 27 6-00 
10 19 26 12 YES YES 37 8-21 20 5 67 
11 45 14 12 ҮЕ$ YES 38 6 55 18 5-18 
*Sisters 


LV, left ventncular, SAM, systolic antenor motion 


volunteers drawn mainly from hospital staff. In all 
cases consent was obtained and the study approved by 
our institute’s ethical committee. 


NUCLEAR MAGNETIC RESONANCE 

Nuclear magnetic resonance was carred out using a 
commercial (M&D Technology) low field (0-08T) 
resistive imaging system. Cardiac gating was not 
used. Three transverse sections with a slice of 16 mm 
were obtained from each subject with a separation of 
20 mm between each section. The pulse sequence 
used was an interlaced saturation recovery and inver- 
sion recovery sequence each with a repetition rate of 
1 s and a tau value of 200 ms for the latter. For each 
section four images were obtained at the end of the 4 
min 16 s acquisition: proton density, calculated T,, 
inversion recovery, and a “аі егепсе” image (proton 
density-inversion recovery). The inversion recovery 
and difference images contain both T, and proton 
density information. Of the four images, the calcu- 
lated T, image gave the best contrast between blood 
and myocardium. The 1ойр term precision of Т, esti- 
mation using this particular technique has been found 
to be 2-796 for a T, value of 300 ms. 

The section giving best definition between septum 
and left ventricular cavity was selected for each 
patient and studied in more detail. Initially, an esti- 
mate of the mean and range of T, values for myocar- 
dium and ventricular blood was obtained in the 33 
subjects. The mean (SD) T, value for myocardium 
was 345(28) and for blood 635(124). The window on 
the T, images was set so that all pixels with a T, value 
450 ms appeared uniformly bright enabling 
myocardium and blood to be clearly separated. 
Irregular regions of interest were drawn around the 
interventricular septum and free wall of the left ven- 
tricle using the computer. Computer derived meas- 
urements of septal and free wall thickness and area 


were made together with total cardiac diameter. 


ECHOCARDIOGRAPHY 

M mode and real time echocardiography were carried 
out in the left-oblique position within two weeks of 
the nuclear magnetic study. Septal and free wall 
diameters were measured from M. mode recordings 
using an Irex-3 phased array system with a 2-5 MHz 
transducer in the groups with hypertrophic car- 
diomyopathy and left ventricular hypertrophy. 
Recordings were made at end diastole at a level just 
above the mitral valve. Septal and free wall thickness 
were measured in three consecutive cycles and the 
mean values noted for each subject. Five of the 
patents with hypertrophic cardiomyopathy showed 
systolic anterior motion of the anterior mitral leaflet 
and seven some degree of early closure of the aortic 
valve. None of these abnormalities was seen in 
patients with left ventricular hypertrophy. Two 
patients did not have echocardiographic features typi- 
cal of hypertrophic cardiomyopathy, the diagnosis 
having been established at angiography (cases 1 and 
5). 


STATISTICAL ANALYSIS 

A non-paired Wilcoxon rank test was used for com- 
parison between groups. Student's t test was used for 
comparison of T, values between septum and left ven- 
tricular free wall with all groups combined. 


Results 


In eight patients with hypertrophic cardiomyopathy 
nuclear magnetic resonance showed characteristic 


_ appearances with pronounced septal hypertrophy and 


a variable degree of left ventricular free wall hyper- 
trophy (Figs. 1 and 2). Table 1 shows the results and 
patient details for the group with hypertrophic car- 
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Table 2 Septal and left ventricular free wall spin lattice 
relaxation times (T ,) in three groups of patients. Values are mean 
(SD) 
——————————— 





Septal Т, (s) Free wall T, (s) 
Normal subjects 374 (18) 331 (29) 
Patients with ventricular 
hypertrophy 355 (31) 333 (22 
Patients with hypertrophic 
cardiomyopathy 352 (27) 342 (24) 


suo ro SÉ A os c СМИРНА 
diomyopathy. In those patients with secondary left 
ventricular hypertrophy the free wall and septum 
appeared of equal thickness, but the muscle mass was 
greater than in normal subjects. The differences in 
area and dimension between patients with hyper- 
trophic cardiomyopathy, left ventricular hypertro- 
phy, and normal hearts (Figs. 3 and 4) are summar- 
ised below. 


SEPTAL AND FREE WALL THICKNESS 

There was considerable variation in the thickness of 
both septum and left ventricular free wall measured 
by nuclear magnetic resonance in the group with 
hypertrophic cardiomyopathy (Table 1). Although 
septal measurements were greater than those obtained 
with echocardiography there was a significant correla- 
tion between the two (г= 0-71, p<0-001). The mean 
ratio of septal to free wall thickness measured by nuc- 
lear magnetic resonance and M mode echocardiogra- 
phy was similar at 1-5(0-8) and 1-6(0-6) respectively. 
The mean ratio of septal to free wall thickness as 
measured by magnetic resonance imaging was 0-8(0-2) 
for patients with left ventricular hypertrophy and 
0-9(0-3) for normal subjects. In view of the variability 
of this ratio in patients with hypertrophic car- 
diomyopathy, there was no statistically significant dif- 
ference detected between the three groups. 
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Fig. 2 (a) Septal and free wall area and (b) ratio of septal to 
free wall area in individual patients with hypertrophic 
cardiomyopathy, those with left ventricular hypertrophy, and 
normal subjects. 





Fig. 1 


Typical appearance of hypertrophic cardiomyopathy by nuclear magnetic resonance showing pronounced septal 


hypertrophy (arrow 1) (a) with mild left ventricular free wall hypertrophy (arrow 2) (case 10) and (b) with pronounced left 


ventricular free wall hypertrophy (arrow 2) (case 8). 
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SEPTAL AND FREE WALL AREA 

There was a significant difference in septal area bet- 
ween normal subjects and both patient groups. Meas- 
ured area in normal subjects was 2-7 cm? compared 
with 4-6 cm? (p<0-05) and 61 cm? (p<0-05) for 
patients with left ventricular hypertrophy and hyper- 
trophic cardiomyopathy respectively. Corresponding 
values for left ventricular free wall area were 3-7 cm?, 
6-3 cm? (p<0-05), and 6-1 cm? (p<0-05). 


TOTAL CARDIAC DIAMETER 

The diameter as measured from the nght ventricular 
border to the mid portion of the left ventricular free 
wall was greater in both patient.groups at 138(10) mm 
and 13014) mm for patients with hypertrophic car- 
diomyopathy and left ventricular hypertrophy respec- 
tively compared with 120(12) mm for normal sub- 
jects. The difference did not reach statistical 


significance. 


SPIN LATTICE RELAXATION TIME (T,) 

Table 2 shows the mean values for T,. There was no 
significant difference between patient groups, 
although septal T, was consistently higher than free 
wall T, for all groups (p«0-01).  ' 


Discussion 


This study shows the ability of nuclear magnetic reso- 
nance to outline the interventricular septum and left 
ventricular free wall and to detect differences in 
myocardial thickness in patients with increased after- 
load and hypertrophic cardiomyopathy when con- 
trasted with normal subjects. The pronounced con- 
trast between flowing blood, which gives a high signal 
intensity, and the chamber walls allows hypertrophy 
to be demonstrated since there is also contrast bet- 
ween myocardium and surrounding tissues. 

Within the group of patients with hypertrophic 
cardiomyopathy large variations in septal area were 
found. In those cases in which a diagnosis of hyper- 
trophic cardiomyopathy could confidently be made by 
nuclear magnetic resonance the findings on echocar- 
diography were more impressive (Table 1). Our 
unselected population of patients with hypertrophic 
cardiomyopathy represented the full spectrum of the 
disease, which is known to be heterogeneous.5 This 
variability in septal and free wall size was detected 
both by echocardiography and by nuclear magnetic 
resonance. 

Steiner, in outlining the applications and potential 
of nuclear magnetic resonance in cardiac imaging, 
described the concentric nature of left ventricular 
hypertrophy in patients with hypertension and aortic 
stenosis and the non-uniform septal and free wall 
hypertrophy of hypertrophic cardiomyopathy. 


Although these patterns may occur in typical exam- 
ples, it is important to recognise that both the extent 
and position of myocardial hypertrophy are variable 
as illustrated by nuclear magnetic resonance (Figs. 1 
and 2). 

Stone et al recently reported the appearances of 
hypertrophic cardiomyopathy obtained with non- 
gated computed tomography using contrast medium 
in mne patients." Visualisation of the septum was 
good and showed the variability of the position of 
maximal septal hypertrophy. Definition of the left 
ventricular free wall was, however, poor and inadequ- 
ate for measurements. By using the differences in the 
relaxation index T, between flowing blood and ven- 
tricular muscle, nuclear magnetic resonance can allow 
clear visualisation of both septum and free wall with- 
out the use of contrast agents. 

It was not the purpose of this study to compare 
nuclear magnetic resonance with echocardiography as 
there is a large difference in their cost and stage of 
development. There is also a wide variation ш pur- 
chase and installation costs between different nuclear 
magnetic resonance systems and the variables they 
measure. The system we used is a low cost low magne- 
ис field system. Echocardiography has contributed to 
the understanding of hypertrophic cardiomyopathy 
(for example, in determining the cause and level of 
obstruction when present?) and is of value in making 
the diagnosis. Echocardiographic features are not, 
however, specific individually.5 M mode echocardiog- 
raphy gives diagnostic information ın over 85% of 
patients, but precise measurements of left ventricular 
dimensions are possible in only 60-65% of patients.? 
Real time echocardiography improves diagnostic abil- 
ity, and because of its rapidity and widespread availa- 
bility echocardiography will remain the commonest 
and most practical technique for confirming hyper- 
trophic cardiomyopathy. Nevertheless, nuclear 
magnetic resonance 1s possible in most patients and 
may be helpful in those in whom echocardiographic 
quality is poor. 

The differences observed between our three groups 
were from images taken without cardiac gating. The 
extent by which gating improves resolution in nuclear 
magnetic resonance is not yet established. Some 
reports have emphasised the need for cardiac gating to 
obtain satisfactory anatomical information.!? Choyke 
et al, however, have shown that images of diagnostic 
quality were obtained without gating using single spin 
echo sequences with a very short echo time (10-20 
ms).!! In practice it gives a very similar echo time to 
that used in our own system. They had noted pro- 
nounced degradation of the image with longer echo 
times and concluded that the previous unfavourable 
reports using non-gated techniques may have been 
due to longer echo times used in other centres. 
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The ability to obtain measurements of myocardial 
area and thus by multiple slice acquisition to estimate 
myocardial mass may prove valuable in the follow up 
of patients with myocardial hypertrophy. Drug 
treatment in both patients with hypertension and 
those with hypertrophic cardiomyopathy should 
ideally result in a reduction in muscle mass. The.non- 
invasive nature of nuclear magnetic resonance makes 
this an attractive method for long term assessment of 
such patients. 


This work was funded in part by the Medical 
Research Council, Department of Health and Social 
Security, the Scottish Home and Health Department, 
University of Edinburgh, Melville, and the Wellcome 
Trusts. MB was in receipt of a Squibb Cardiovascular 
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Localisation of ventricular septal defects by 
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and cross sectional echocardiographic images 
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SUMMARY Precise non-invasive localisation of the site of a small ventricular septal defect was attemp- 
ted using a new technique that simultaneously combines conventional cross sectional echocardiogra- 
phy with a Doppler system by superimposing the colour coded direction and velocity of blood flow 
directly on to real time ultrasound images. Twenty three patients with unoperated ventricular septal 
defects and a further eight after surgical closure were studied; 12 children with normal hearts served 
as controls. A colour coded blood flow jet entering the right ventricle during systole was identified in 
all 23 unoperated patients, in 11 of whom the defect was too small to be visualised by conventional 
cross sectional echocardiography. The colour Doppler technique precisely located 19 perimembran- 
ous and five trabecular defects (one patient had two defects). Five of the postoperative patients were 
without clinical evidence of a significant shunt but had pansystolic murmurs. In each of these five, 
trans-septal shunt blood flow was demonstrated by colour Doppler images whereas in only three of 
these patients was the residual defect large enough to be visualised by conventional cross sectional 
echocardiography. Three postoperative patients had no murmurs and showed no residual shunt on 
colour Doppler images. This was confirmed at cardiac catheterisation. There were no false positive 
results among the controls. 

This technique is useful for the more accurate diagnosis and location of ventricular septal defects 
and may help in assessing their natural or surgical closure. 


Despite recent advances in ultrasound instrumenta- (colour Doppler). This system has already proved 

tion and image quality, difficulues may be encoun- useful in assessing acquired valvar diseases, particu- 

tered in identifying small ventricular septal defects, larly regurgitation.+5 With its unique display, we 

particularly within the trabecular septum.!^? There reasoned that this system should be able precisely to 

remains а sizeable number of patients in whom the locate ventricular septal defects in a way hitherto 

diagnosis of ventricular septal defect is based solely on — impossible, and thus we considered it to be important 

clinical findings such as the character and location of — in the present study to assess the clinical usefulness of 

the systolic murmur. Consequently, this study aimed this novel approach. 

to determine if diagnosis could be improved by the 

detection of trans-septal blood flow in patients with Patients and methods 

small ventricular septal defects using a new colour 

coded Doppler system that superimposes flow infor- STUDY GROUPS 

mation on to conventional cross sectional images This work formed part of a comprehensive longitudi- 
nal follow up study on a group of 182 patients with 
ventricular septal defects conducted from June 1980 
to August 1984 at the Hospital for Sick Children, 

Requests for reprints to Dr R K H Wyse, Department of Paediatric London. Thirty one patients were randomly selected 


Cardiology, Institute of Child Health, 30 Guilford Street, London S 
WCIN IH i to constitute the study group. v | 

The patients were subsequently divided into three 
Accepted for publication 5 February 1985 groups. Group 1 consisted of 12 patients (age range 90 


53 


54 


days to 12-3 years; median 2-5 years) whose ventricu- 
lar septal defect had previously been visualised and 
anatomically located by conventional cross sectional 
echocardiography (Advanced Technology Laboratory 
mechanical sector scanner, model 600). One patient in 
this group also had pulmonary stenosis with a valve 
gradient of 45 mm Hg and peak right and left ven- 
tricular systolic pressures of 70 mm Hg and 86 mm 
Hg respectively. Group 2 consisted of 11 patients (age 
range 96 days to 15-1 years; median 4-3 years) whose 
ventricular septal defect had been diagnosed clinically 
but was too small to be visualised by conventional 
cross sectional echocardiography. Group 3 consisted 
of eight postoperative patients who had undergone 
surgical closure of their ventricular septal defects (age 
range 78 days to 6:75 years; median 2-6 years; mean 
time elapsed since surgery 5-9 months). A separate 
group of 12 children (age range 60 days to 10-5 years; 
median 5-6 years) with normal hearts served as con- 
trols. 


ECHOCARDIOGRAPHY 

The combined cross sectional and colour coded Dop- 
pler echocardiographic studies were performed by the 
operator before any physical examination or ausculta- 
поп was carried out. Doppler signals, colour coded 
for the direction of blood flow, were obained using an 
Aloka SSD-880 ultrasound scanner. This scanner, by 
incorporating a recently developed autocorrelator,* 
encodes blood flow in terms of colour and instantane- 
ously superimposes this information in real time 
across either the entire screen of a standard cross sec- 
tional echocardiographic display or a selected region. 
Colours were assigned in accordance with the direc- 
tion of blood flow; blue was arbitrarily given to blood 
flowing towards the transducer, while red was given 
to the blood flowing away from it. Colour brightness, 
displayed in seven gradations, was proportional to the 
velocity of blood flow. The emitting frequency used 
was 2-5 or 3-5 MHz as. appropriate. Real time signals 
were stored using a Sony SLO-420 Betamax video 
tape recorder and later transferred to a Sony U-matic 
format. These images were replayed on a Sony VO- 
5800PS recorder through a colour monitor, either at 
normal speed or in slow motion as required. Still 
frames were taken either at the time of study from an 
integral Polaroid camera or subsequently by photo- 
graphing images frozen by the stop frame facility on the 
U-matic recorder directly from the monitor. 

Аз a screening procedure in all patients, the trans- 
ducer was positioned to obtain good views of the ven- 
tricular septum in all planes and axes of the heart as 
previously described.? Particular attention was given 
to the four chamber, long axis, and short axis views 
from the apical and parasternal approaches. 
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Results 


Studies of the 12 control children without any cardiac 
abnormalities allowed the normal pattern of colour 
coded blood flow in the heart to be identified (Fig. 1). 
The presence of ventricular septal defect flow 
detected in the right ventricle of patients was easily 
distinguished from the normal pattern of right ven- 
tricular flow seen in the controls. 

A colour coded blood flow jet entering the right 
ventricle during systole was identified in all 23 
patients with unoperated ventricular septal defects 
irrespective of whether the defect could be seen in the 
septum (groups 1 and 2) (Fig. 2). In group 1 patients 
the ventricular septal defect was defined on cross sec- 
tional echocardiography and verified by colour Dop- 
pler images to be perimembranous in nine and 
trabecular in three (two central, one apical). In group 
2 blood flow jets entering the right ventricle were seen 
in a perimembranous position in nine patients and in a 
central trabecular position in one (Fig. 3). In another 
patient, previously thought clinically to have a 
perimembranous ventricular septal defect, the blood 
flow jet was clearly seen emanating from the central 
muscular area with the colour Doppler technique. 
Another patient in group 2 showed two separate jets 
in the perimembranous and trabecular areas of the 
septum at the same time, the latter being subse- 
quently recognised anatomically by cross sectional 
echocardiography once its precise location had been 
demonstrated by the colour coded blood flow jet. 
Indeed similar post-colour Doppler anatomical recog- 
nition of ventricular septal defects by conventional 
cross sectional echocardiography occurred in three 
more patients in group 2. Figure 4 shows composite 
findings obtained from a patient in group 1 with both 
ventricular septal defect and pulmonary stenosis 
showing that the colour Doppler technique was able 
clearly to visualise blood flow across the defect even in 
the presence of a raised right ventricular peak systolic 
pressure (pulmonary valve gradient 45 mm Hg at car- 
diac catheterisation). 

In all eight postoperative patients (group 3) the 
patch used to close the ventricular septal defect could 
be seen on standard cross sectional echocardiography, 
and residual defects were visualised in three of these. 
Systolic murmurs were audible in these three and in 
two other patients. Systolic flow jets emanating from 
the patch site were seen in the right ventricle of all five 
of these patients with systolic murmurs (Fig. 5). In 
the three postoperative patients without systolic 
murmurs no blood flow jets indicative of a ventricular 
septal defect were seen on colour Doppler images 
(Fig. 6). The absence of any residual defect in each of 
these three patients was also confirmed at cardiac 
catheterisation. 


Localisation of ventricular septal defects by simultaneous colour Doppler and cross sectional images 





Fig. 1 Colour Doppler display of intracardiac blood 
normal child. Blood flow towards the transducer 1s йер 
blue while flow away ts in yellow or red (open arrou 
apical long axis cut shows normal left ventricular inflo 
diastole. (b) An apical four chamber cut in the same chi 
normal left ventricular outflow during systole fta 
MV, mitral valve; LV , left ventricle; RV , nght ventriclé 
aorta; A, anterior; Р, posterior; І, inferior; S , superi 
R,nght. 
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Fig. 2 Colour Doppler тпареѕ of blood flow acros 
perimembranous ventricular septal defect in an unoper 
patient. In an apical four chamber cut systolic left ventri 
outflow away from the transducer 15 seen in red and yell 
arrow) while a jet of shunt flow towards the transducer enar 
into the right ventricle is seen in blue. LA, left atum; PA 
pulmonary vein; MV , (closed) mitral valve; LV , left ver 
RV, right ventricle; VSD, ventricular septal defect; 1 

S, superior; L, left; R, right 
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Fig. 3 Colour Doppler image of blood flow across a central 
trabecular ventricular septal defect in an unoperated patient. In 
an apical long axis cut left ventricular outfloto away from the 
transducer is seen in red and yellow (open arrow) while a Jet of 
shunt flow towards the transducer emanating into the right 
ventricle is seen in blue. LA, left atrium; MV , (closed) mitral 
valve; LV , left ventricle; RV , right ventricle; Ao, aorta; A, 
anterior; Р, posterior; І, inferior; S , superior. 


Fig. 4 Colour Doppler images of blood flow across a 
pertmembranous ventricular septal defect in an unoperated child 
ший a raised right ventricular peak systolic pressure ( RV , 70 mm 
Hg; LV , 85 mm Hg) due to pulmonary stenosis (pulmonary 
valve gradient 45 mm Hg). (a) An apical long axis cut shows the 
location of the defect. (b) A similar cut shows blood flow in the 
left ventricular outflow tract in systole (open arrow) in red and 
yellow while, despite significant pulmonary stenosis , a jet of 
shunt flow towards the transducer may be clearly seen in blue 
emanating into the right ventricle at the site of the defect. LA, left 
atrium; PV , pulmonary vein; MV , mitral valve; LV , left 
ventricle; RV , right ventricle; Ao, ата; VSD, ventricular 
septal defect; A, anterior; P , posterior; І, inferior; S , superior 
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Fig. 5 Colour Doppler wages of residual shunt fi 
patient after surgery for patch closure of a peronenbranou 
ventricular septal defect. (а) An apical long axis cut shot 
precise location of the patch. (b) An apical four chamber 
shows diastolic inflow to the left ventricle in blue (open arrot 
(с) A similar cut shows left ventricular outflow away from t 
transducer during systole in red and yellow (open arrot 

jet of residual shunt flow away from the transducer enan 
from the region of the patch is seen in the right ventricle v 
RA, right atriwn; LA, left атит; PV , pulmonary vei f 
mitral valve; LV , left ventricle; RV , right ventricle; 1 
Ao, aorta; A, anterior; Р, posterior; I, inferior; S , super 


left; R, right. 
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Fig. 6 Colour Doppler image in a patient after surgery for 
patch closure of a perimembranous ventricular septal defect 
indicating a patent patch by the absence of residual shunt flow 
into the right ventricle. (a) An apical long axis cut shows the 
precise location of the patch. (b) А similar cut shows diastolic 
inflow to the left ventricle towards the transducer їп blue (open 
arrow). (с) A similar cut shows left ventricular outflow away 
from the transducer during systole in red and yellow (open 
arrow), but in contrast to Fig. 5с, no residual shunt could be 
detected in the right ventricle. The patency of the patch closure 
was also confirmed at cardiac catheterisation. LA, left атит; 
MV , mitral valve; LV , left ventricle; RV , right ventricle; Р, 
patch; Ao, aorta; A, anterior; Р, posterior; 1, inferior; S, 


superior . 





Localisation of ventricular septal defects by simultaneous colour Doppler and cross sectional images 59 


Discussion 


Cross sectional echocardiography can visualise a ven- 
tricular septal defect only if the defect size is more 
than the resolution of the ultrasound scanner (nor- 
mally approximately 2 mm). Problems in diagnosis 
are, however, compounded if the defect is located in 
the trabecular septum or there are multiple defects. In 
trying to overcome these difficulties, an approach 
allowing the direct visualisation of blood flow across 
the ventricular septum seems ideal. Until now, 
demonstration of trans-septal flow in small ventricular 
septal defects could be reliably achieved only by 
cardiac catheterisation and angiocardiography. 
Nevertheless, invasive techniques carry a significant 
risk of morbidity and mortality, and clearly a reliable 
non-invasive alternative would be preferable. Several 
non-invasive Doppler techniques for detecting ven- 
tricular septal defects have been reported.” !? Jugular 
venous continuous wave Doppler techniques are unre- 
liable particularly with smaller defects, and there are 
also several disadvantages of methods using standard 
pulsed Doppler ultrasound. Using this technique, 
Magherini et al were unable to localise defects in the 
inlet portion and found ventricular septal defects 
difficult to detect if the shunt was balanced as in pul- 
monary hypertension.!! Furthermore, ventricular 
septal defects could not be differentiated from right 
ventricular outflow tract obstruction. When a small 
pulsed Doppler sample volume is used as a roving 
interrogator of flow within the ventricular cavities and 
septum, it 18 never certain whether absence of 
detected systolic turbulence means that there is no 
defect or that a jet has been missed. The colour Dop- 
pler technique differs from previous approaches in 
that flow within an entire echocardiographic cross sec- 
tional cut of the heart is simultaneously displayed, 
thus minimising the possibility of missing the blood 
flow jet of a ventricular septal defect. Furthermore, 
the diagnosis is based on a combination of blood flow 
turbulence, direction, and timing. 

In the present study, we found that using the colour 
Doppler technique the presence of trans-septal blood 
flow was clearly demonstrated in every patient with a 
ventricular septal defect. Furthermore, the technique 
permitted detection and localisation of ventricular 
septal defects in patients whose defects were too small 
to be visualised by standard cross sectional echocar- 
diography. The recent findings of Miyatake et al5 con- 
cur with this result. Using a short axis view in a 
patient with a small ventricular septal defect they also 
found that colour Doppler images clearly demon- 
strated the flow disturbance even though conventional 
cross sectional echocardiography was unable to detect 
the defect. Though our study was not designed to 
determine accurately the specificity and sensitivity of 


the method, both are clearly superior to standard 
cross sectional echocardiography. The technique also 
proved of use in the case of multiple ventricular 
defects by simultaneous demonstration of more than 
one flow jet. Similarly, it was shown to be useful in 
demonstrating the presence or absence of any residual 
ventricular septal defect in patients after primary sur- 
gical closure. The need to look serially for the pres- 
ence of residual ventricular septal defects in patients 
in the immediate postoperative period has been shown 
by Stevenson et al.!4 Immediately after surgery they 
found a 93% incidence of residual shunts, a value 
which decreased progressively over the ensuing days. 
It seems likely that the colour Doppler technique will 
be able to simplify the initial detection, localisation, 
and serial monitoring of these residual defects. 

Many of the patients in this study had heart rates of 
over 100 beats/minute. In all patients, but particularly 
in these, it was necessary to review blood flow infor- 
mation in slow motion in order definitively to locate 
trans-septal flow in the right ventricle in systole. This 
is because in most patients, using an apical four 
chamber view, the trans-septal blood flow jet was pre- 
dominantly towards the transducer. Since diastolic 
inflow is in the same direction it also produced a simi- 
lar colour Doppler appearance within the right ven- 
tricle. Thus, by replaying the colour Doppler record- 
ing in slow or stopped motion, the transseptal blood 
flow jet depicted in blue could be seen frozen against a 
red background of ventricular ejection. In the same 
stopped frame, systole could be confirmed by a Dop- 
pler shift to the red within the left ventricular outflow 
tract. Thus any confusion with diastolic inflow that 
could occur in real time was easily avoided. 

We conclude that direct visualisation of trans-septal 
blood flow by colour Doppler is reliable and reproduc- 
ible and will provide clinical help in excluding ven- 
tricular septal defects in patients with innocent mur- 
murs and in those whose ventricular septal defects are 
thought to have been surgically closed. Most impor- 
tantly, the technique permits accurate localisation of 
defects that are otherwise invisible to cross sectional 
echocardiography. Since there is increasing evidence 
of the key role of the site of the defect to its natural 
history and probability of spontaneous closure,!5 the 
method should in the future help in providing more 
accurate prognostic information for the individual 
patient. 


FJM and RKHW are supported by the Vandervell 
and British Heart Foundations. This work was sup- 
ported in part by the Child Health Research Appeal 
Trust. 
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Cross sectional echocardiographic and 
angiocardiographic correlation in criss cross hearts 


PETER J ROBINSON, VACHERA KUMPENG, FERGUS J MACARTNEY 
From the Hospital for Sick Children, London 


SUMMARY Cross sectional echocardiography can provide accurate anatomical diagnosis in congenital 
heart diseases and therefore should be able reliably to identify criss cross hearts and enable the 
analysis of their sequential arrangement non-invasively. The cross sectional echocardiographic diag- 
noses in eight consecutive patients with this condition were compared with those made at cardiac 
catheterisation and cineangiocardiography (five retrospectively, three prospectively). The mean 
number of invasive studies required to reach the diagnosis was 1-9 (range 1—4). Complete anatomical 
diagnosis was achieved with cross sectional echocardiography in all patients, but identification of 
ventricular morphology was much more straightforward using cineangiocardiography. If the trans- 
ducer was held steady in either a precordial or subcostal position and rocked anteriorly and pos- 
teriorly the characteristic crossing over of the ventricular inflows could easily be seen. In no plane 
was there normal parallel arrangement of ventricular inflows. 

A complete diagnosis should be possible in these patients using cross sectional echocardiography 
in experienced hands and at a single session in the cardiac catheterisation laboratory. 


Criss cross heart is a rare rotational abormality of the echocardiographic diagnoses with the findings at car- 
heart in which systemic and pulmonary venous diac catheterisation and angiocardiography. 
streams cross without mixing at atrioventricular valve 
level.! As this definition suggests, it is an abnormality Patients and methods 
of relation rather than connection? but is often associ- | 
ated with-abnormalities of connection, and usually Eight patients with this condition have been seen 
accompanies other complex intracardiac anoma- since January 1980 (four male, four female) aged 6 
hes.?~8 The ventricles are most often arranged in а weeks to 12 years (median 3-5 years) at initial presen- 
relatively superoinferior fashion with the right sided tation. Cross sectional echocardiography, cardiac 
atrium connecting with the left sided ventricle, and catheterisanon, and cineangiocardiographic records 
the left sided atrium with the right sided ventricle. were retrospectively reviewed in five patients. Three 
Establishment of the precise type and mode of further patients were examined prospectively during 
atrioventricular connection may not be achieved the time of the study using our standard echocardio- 
unless multiple angiocardiograms, with varying pro- graphic protocol.!? 
jections and sites of injection, are used. Thus repeated Cardiac catheterisation was performed using stan- 
cardiac catheterisations may be required before the dard techniques with 1—4 (mean 1-9) studies required 
precise diagnosis is established.* per patient before a definitive diagnosis was made. In 
A single case report of the cross sectional echocar- all patients recognition of the criss cross had been 
diographic diagnosis of criss cross heart has recently assisted either by right atrial or caval injections or by 
been published.’ To assess the relative roles of cross follow through opacification of the left atrium and 
sectional echocardiography and angiocardiography in ventricle. Cross sectional echocardiographic studies 
this condition we reviewed the cases seen at this hos- | were performed with an ATL (Advanced Technology 
pital since 1980 and compared our cross sectional Laboratory) Mark V mechanical sector scanner and a 
3 or 5 MHz transducer in four patients, a Toshiba ` 
жазанын ыйа 27 и SSH 20 system with а 2:5 MHz transducer іп one 
Н X Macartney, The Hospital for patient, and an ADR 4000S mechanical sector scanner 
SGE Children; Great Опа Street, London ЧОЛАН. with a 3 MHz transducer in the last three patients. 
Accepted for риЫһсапоп 5 March 1985 The resulting videotapes were reviewed. Echocar- 
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Table Invasive and non-invasive findings 


———————————————————————————————————————————————— 








Case Age Sex Cross sectional echocardiography 
No —— — — - 
Situs AV RAVV LAVV VSD RVOTO VA Gt vessel 
connection connection position 

1 5 mnth M Solitus ( N N Perimembranous Valvar, subvalvar D Ao anterior and I 
inlet outlet 

2 4 vr F Solitus C N S Perimembranous Е C Ao anterior and I 
inlet outlet 

3 5 vr M Solitus C N N Trabecular inlet Subvalvar D Side by side, Ao 

L 

E 6 wk F Solitus C N S Perimembranous — D Ao anterior and I 
inlet 

5 1 уг м Solitus C N N Perimembranous — D Ao anterior and I 
inlet outlet 

6 3 yr F Solitus D N N Perimembranous — DORV Ао anterior and I 
inlet outlet 

7 12 yr F Solitus ( N N Perimembranous — ( Ao anterior and I 

8 10 yr M Solitus ( N S Perimembranous — C Ao posterior and 1 


inlet outlet 
———————————————————————————————————— 


—, absent; Ao, aorta; AV, atrioventricular; C, concordance; D, discordance; DORV, couble outlet right ventricle; Gt vessel position, great ves 
position in relation to each other; L, left; LAVV, left atrioventricular valve; N, normal, O, override; R, right; RAVV, right atrioventricular valy 
RVOTO, right ventricular outflow tract obstruction; S, stenotic; VA, ventriculoarterial; VSD, ventricular septal defect 


diographic and angiocardiographic opinions were  cordant atrioventricular connections were present in 
reached by consensus between us. Two patients died; ^ seven patients and discordant atrioventricular connec- 


in one the heart was available for detailed necropsy. tions in one. In each case it was impossible to find a 
plane showing simultaneous and parallel arrangement 
Results ( Table) of the atrioventricular valves and ventricular inflow 
regions, as described by van Mill ег a/.? A more 
CROSS SECTIONAL ECHOCARDIOGRAPH Y definitive criterion, in our opinion, was the direct 


Each patient had situs solitus of the atria as shown by demonstration of a criss cross atrioventricular rela- 
a left sided aorta and right sided inferior vena cava tion. This could be obtained by positioning the 
draining to the right atrium in subcostal cuts.!! Con- transducer in such a way as to demonstrate from 





Fig. 1 Cross sectional echocardiograms from the apex (a) shows connection of the right atrium (RA) to the right ventricle (RV) with 
the aortic root (Ao) cut in its short axis. The right (RV) and left ventricles (LV) are in superoinferior arrangement and the tricuspid 
valve has a bright echo on the septal leaflet (see text). (b) shows , from the same transducer position at the apex but with more posterior 
angulation , a pulmonary vein (ро) draining to the left atriwn (LA) which is connected to the left ventricle (LV). The mitral valve (mv) 
opens across the plane of right ventricular inflow (see (a)). Note the moderator band (mb) in the right ventricle . 1 , inferior; L, left; R, 
right; S, superior; ch, chordae . 


Echocardiography in criss cross hearts 





ardiac cathetensation 








LAVV VSD 


VA 











„пиз АУ RAVV RVOTO Gt vessel 

connection concordance posinon 
solitus C N N Perimembranous Valvar, subvalvar D Ao anterior and 1 
»olitus C N $ Perimembranous ( Ao anterior and 1 
solitus C N N Perimembranous Valvar, subvalvar D Side by side, Ao to I 
solitus C N S Perimembranous — D Ao anterior and 1 
Solitus C N N Perimembranous — D Ao anterior and 1 
solitus D N N Perimembranous outlet - ?^DORV Ao anterior and I 
Solitus € о М Perimembranous — ( Ао anterior and | 
Solitus C N S Perimembranous outlet — ( Ao posterior and R 
- 





Fig. 2 Cross sectional echocardiograms from the same 
transducer position with more anterior angulation in (a) and more 
posterior angulation in (b) showing the criss cross arrangement of 
ventricular inflow region. hv, hepatic vein; І, inferior; tuc, 
inferior vena cava; L, left; LA, left атит; mv, mitral valve; 
R, nght; RA, right atrien; RV , right ventricle; S , superior; tv 
tricuspid valve; usd , ventricular septal defect. 


below each atrium crossing to the contralatera 
tricle, with one atrioventricular connection crossing 
behind the other (Figs. 1 and 2). The precise tran 
ducer position required varied from case to case 
these highly complex hearts but was usually from the 
apex or subcostal region. One patient had a straddling 
tricuspid valve, but no patient had mitral straddling 
Three patients, all with concordant atrioventricular 
connections, had cross sectional echocardiographi 
evidence of stenosis of the mitral valve (Fig. 3), and 
one showed a mobile bright echo on the septal leaflet 





Fig. 3 Cross sectional echocardiogram from the apex showing 
doming of the stenosed mitral valve (mv) in a patient with a criss 
cross heart. I, inferior; L, left; LA, left atrium; laa, left atria 
appendage; mv, mitral valve; R, right; RV, right ventricle; 5 
superior; usd, ventricular septal defect 





Fig. 4 Cross sectional echocardiogram showing the relative 
positions of the right (RV) and left ventricles (LV) with left 
ventricle infenor and slightly nghtward of the right ventricle. 
Note the fishmouth appearance of the mitral valve (mv) and 
septal attachment of the tricuspid valve (tv). I, inferior; L, left; 
R, right; S, superior; vsd, ventricular septal defect 
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of the tricuspid valve (Fig. 4). This echo was very 
similar to one seen in another patient that proved at 
operation to be ruptured chordae tendineae that had 
coiled back ол themselves.. 

Because we were uncertain of the precise trans- 
ducer position used in retrospective studies the cross 
sectional echocardiographic determination of relative 
ventricular position was usually not possible retro- 
spectively. In the three patients studied prospectively 
before angiocardiography (Fig. 5), however, the ven- 
tricular positons were correctly predicted as right 
ventricle slightly anterior, superior, and leftward and 
left ventricle slightly posterior, inferior, and right- 
ward. 

As all our patients had ventricular septal defects 
that extended to the inlet portion of the septum we 
could not use offsetting of the atrioventricular valves 
to identify ventricular morphology. We therefore 
used either the moderator band as a marker of right 
ventricle or the fishmouth appearance of the mitral 
valve in short axis cuts to identify a left ventricle (Figs. 
lb and 4). The ventricular septal defect extended 
through the perimembranous region to the muscular 
outlet region in five patients and was subaortic in two. 
In one patiert tricuspid tissue protruded through the 





Figs. 5(а) and (b) Long axis cross sectional echocardiograms showing tricuspid valve (tc) tissue prolapsing into the right ventricle 
(RV) in systole and into the left ventricular (LV) outflow tract in diastole. A , anterior; Ao, aortic root: I , inferior; LA, left amwn; 
mu, mitral valve; Р, posterior , S , superior. 


Echocardiography in criss cross hearts 


Figs. 6(a) and (b) Anteroposterior cineangiograms from an 
injection into the left ventricle (LV) with follow through left 
atrial (LA) opacification in a patient with criss cross heart, 


atrioventricular concordance , and ventriculoarterial discordance . 
Ao, aorta; I , inferior; L, left; PT , pulmonary trunk; R , right; 
RV, right ventricle; S , superior; vsd , ventricular septal defect. 


ventricular septal defect to the left ventricular outflow 
tract in diastole and into the right ventricle in systole 
(Fig. 5). No patient had subaortic obstruction. Two 
had subpulmonary obstruction due to fibromuscular 
tunnel formation, one with associated valvar stenosis. 

The origin of the great arteries from the ventricles 
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Fig. 7 Cineangiogram from the same patient as in Figs. ба 
and (b), with injection into the right атішт. The projection is 
anteroposterior and comparison with Figure 6(b) shows the criss 
cross arrangement of ventricular inflow regions . Ao, aorta; 1, 
inferior; L, left; LV , left ventricle; К, right; RA, right arnen; 
RV, right ventricle; S , superior. 


was easily recognised by echocardiography. There 
were concordant ventriculoarterial connections in 
three patients, two with the aorta anterior and slightly 
leftward of the pulmonary trunk and one with the 
usual great vessel relation. One patient had double 
outlet right ventricle with the aorta anterior and 
slightly to the left of the pulmonary trunk, and four 
patients had discordant ventriculoarterial connec 
tions, three with aorta anterior and to the left of the 
pulmonary trunk and one with side by side great ves 
sels with aorta to the left. In the three patients studied 
prospectively the aortic arch was left sided and a per 
sistent ductus arteriosus was excluded. 


HAEMODYNAMICS AND ANGIOCARDIOGRAPHY 
(Figs. 6 and 7) 

Atrial situs, atrioventricular and ventriculoarterial 
connections were confirmed by angiocardiography in 
all patients. (Cineangiocardiography showed the criss 
cross arrangement when appropriate sites of injection 
were used.) Pressure measurements confirmed the 
presence of mitral stenosis in the correct three 
patients and excluded atrioventricular valve stenosis 
in the others. Subpulmonary stenosis was confirmed 
by pressure measurements in one patient and 
angiocardiography in the other. Though there were 
no mistakes with echocardiography, ventricular mor- 
phology was more obvious on angiocardiograms than 
on cross sectional echocardiograms. Precise localisa- 


66 


tion of the ventricular septal defect was not always 
possible with certainty angiocardiographically 
because of problems in profiling the plane of the 
interventricular septum.!°12 Likewise atrioventricu- 
lar valve straddling was better appreciated echocar- 
diographically.!? The aortic arch was left sided and a 
persistent ductus arteriosus was excluded in all 
patents. ; 


NECROPSY FINDINGS 
Necropsy confirmed the premortem diagnoses and 
found no new abnormalities. 


Discussion 


This study shows how the systematic cross sectional 
echocardiographic examination of hearts with ‘criss 
cross arrangement of their inflow portions can provide 
accurate anatomical information and highlights how 
well suited this technique is to -the segmental 
approach in the diagnosis of complex congenital heart 
disease. In criss cross heart both ventricles and great 
vessels may be in unexpected positions, but a careful 
systematic approach will demonstrate the connec- 
tions, particularly if continuous sweeps between 
routinely used cross sectional echocardiographic cuts 
are used. This was exemplified in our study particu- 
larly in one patient in whom the aorta was almost 
directly anterior to the pulmonary trunk and yet the 
great vessels connected in concordant fashion. 

There has previously been only one case report 
showing the ability of cross sectional echocardiogra- 
phy to make a nearly complete anatomical diagnosis in 
this condition. Those authors used subcostal cuts 
alone, parasternal cuts having been unsuccessful.? 
While we agree that much of the anatomical informa- 
tion may be obtained from these cuts, we found that 
the precordial views were useful in confirming the 
impressions gained from the subcostal cuts. Further- 
more, precordial cuts were superior in identifying 
subpulmonary obstruction, great vessel position, and 
in some cases the actual recognition of the criss cross 
arrangement of the atrioventricular junction. À 
further disadvantage of relying on subcostal cuts is 
that they may not provide a plane showing opening of 
both atrioventricular valves. If the transducer is not 
angled sufficiently either anteriorly or posteriorly a 
false impression of either double inlet ventricle or 
absent atrioventricular connection may be given, as in 
the initial echocardiographic diagnosis of the patient 
studied by van Mill and colleagues.? Although we 
agree that the normal parallel arrangement of tbe right 
ventricular and left ventricular inflow tract is not seen 
in this condition, we have shown how the actual 
demonstration of the criss cross arrangement is poss- 
ible echocardiographically. 
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In understanding the underlying anatomy of hearts 
with normal and criss cross atrioventricular relations 


-it is-helpful to think of atrioventricular channels run- 


ning from each atrium to the inlet and apex of the 
ventricle to which it is connected. In normal hearts 
these two channels are roughly parallel, with the 
result that it is possible to obtain a four chamber sec- 
tion of the heart in which each atrium is connected to 
the ipsilateral ventricle and the atrioventricular valves 
open in the same direction. By contrast, in criss cross 
hearts the atrioventricular channels cross one another 
with the result that the atrioventricular valves open in 
different directions, and views can be obtained in 
which one or other atrium connects to the contralat- 
eral ventricle as seen in the echocardiographic section. 
This may well not correspond to the conventional 
frontal, sagittal, or horizontal plane of the body. 
When the atrioventricular connection is biventricular, 
one atrioventricular channel must cross in front of the 
other. This means that it is impossible.to demonstrate 
the entire criss cross in a single tomographic section. 

Thus cross sectional echocardiography performed 
systematically and following a preset routine by 
experienced operators should allow complete sequen- 
tial anatomical diagnosis of these complicated hearts 
non-invasively. Cardiac catheterisation can be plan- 
ned much more precisely and should be needed only 
for gaining pressure and oximetric data and to rule out 
additional ventricular septal defects. А complete 
anatomical and physiological diagnosis should now be 
possible in these patients using cross sectional 
echocardiography and a single session in the cardiac 
catheterisation laboratory. 


PJR was supported by the Wellcome Foundation and 
FJM is supported by the Vandervell and British Heart 
Foundations. 
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Evaluation of an elliptical area technique for calculating 
mitral blood flow by Doppler echocardiography 


STANLEY J GOLDBERG,t DAVID F DICKINSON,* NEIL WILSON* 
From the *Non-Invasive Unit, Killingbeck Hospital, Leeds; and the {University of Arizona, Tucson, Arona, USA 


SUMMARY To evaluate a method for measuring blood flow through the mitral valve 18 normal 
subjects and 19 patients with cardiac disease in whom mitral and aortic blood flows were identical 
were studied. Initially the mitral ring area was planimetered from the echocardiographic image, but 
the results of area calculation using the mathematical formula for the area of an ellipse were found to 
approximate to within 8% of the planimetered result in most cases. The formula was therefore used 
if the ring appeared elliptical on the cross sectional echo image, and other shapes were planimetered. 
Mitral velocity, aligned with flow in three planes, was recorded just distal to the ring. Mitral flow 
calculated using the elliptical technique correlated closely with flow measured in the ascending aorta 
by the Doppler technique and also with systemic flow measured by the Fick method at cardiac 
catheterisation in 10 patients. 

The mitral flow technique that assumed a circular orifice correlated almost as well with Doppler ` 
aortic flow and with Fick flow but overestimated flow by a mean of 1446 ml, whereas the elliptical 
method had a mean error of only 138 ml. Both methods correlated well with standards, but the 
elliptical method was easy to apply and gave a better correlation with comparison reference values. 


Calculation of flow by the Doppler method requires 
measurement of the mean velocity of flow, the inter- 
cept angle (theta) between the measurement axis and 
the direction of flow, and the area of the orifice or 
conduit through which flow. is passing. This concept 
can be expressed as follows: flow = (mean velocity X 
area)/cosine theta. . 

In theory the combination of cross sectional imag- 
ing and Doppler echocardiography permits measure- 
ment of all these variables, and all the information 
necessary for flow calculation can be obtained from 
these methods. The reliability of data from various 
possible flow measurement sites has been the subject 
of many investigations. Measurement of aortic,!~3 
pulmonary,? * 5 and tricuspid® blood flow by Doppler 

- echocardiography has been found to be accurate when 
compared with reference standards. Mitral flow has 
presented a more difficult problem. The measurement 
of mitral velocity is relatively simple, but the deter- 
mination of the area through which flow is passing is 
much more difficult. Two methods have been used. 


Requests foc reprints to Dr D F Dickinson, Kullingbeck Hospital, 
York Road, Leeds 1,514 6UQ. 
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The first method required imaging the maximal mitral 
leaflet orifice in short axis and altering that area by a 
factor derived from measurements of the mitral com- 
plex on an M mode recording.” Although this method 
provided accurate flow measurements in dogs, in 
humans the correlation with flows measured by other 
methods was poor. This discrepancy was probably 
related to the different shape of the mitral orifice in 
the two species. Reports have been published of an 
alternative method that treats the mitral orifice as a 
circle.5 ? This method appears to improve the correla- 
tion, but further assessment is needed. 

We report a method that provides a more accurate 
estimate of the area of the mitral orifice and provides a 
better correlation with reference standards. 


Patients and methods 


The study population consisted of 18 normal subjects 
(aged 3 to 35 years) and 19 children (aged from 
infancy to 17 years) with a variety of congenital car- 
diac malformations (Table 1). The selection of 
patients was determined mainly by the nature of their 
cardiac lesion. Patients were included if their aortic 
and mitral flows would be expected to be equal on the 
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Table 1 Patient data, mitral valve dimensions, and mitral flow velocities by the various methods 
Case No Diagnosis Mitral valve Ratio* Mitral flow ( ml/min) Aortic flowt — Fick Row 
dimension (cm) M (ml ian) Gni imin) 
Ellipse Circle 
1 Normal heart 3-85 2-07 0-54 3764 7005 3502 
2 Normal heart 4-32х 2-96 0-69 6263 9164 7915 — 
3 Normal heart 2:10 1-22 0-58 2007 3458 2217 
4 Atrial septal defect 3.20x 2-60 0-81 4545 5597 5658 
5 Normal heart 237х173 0:73 3279 4494 3339 = 
6 Normal heart 2-43x 2.43 1:00 5238 5238 6224 = 
7 Normal heart 3-20 1:80 0-57 4192 7455 4502 = 
8 Normal heart 3:50x 2.18 0-62 5498 8832 5817 — 
9 Normal heart 2-00x 1-47 0-74 3461 4712 2810 - 
10 Normal heart 1-85х 1-44 0-78 2123 2725 2611 ~ 
11 Normal heart 1-60 1-20 0-75 1275 1700 1132 - 
12 Persistent ductus 
arteriosus 2:50x2-02 0:80 4234 5242 3707 — 
13 Supraventricular 
tachycardia 2:30 1-56 0-67 5526 8151 5623 ~ 
14 Normal heart 2:80х 2:20 0-79 4369 5564 4663 - 
15 Normal heart 4-10x 2-90 0-71 7554 10614 7590 = 
16 Aortic stenosis 3-50х 2-93 0-84 9867 11793 9923 — 
17 Postoperative tetralogy 
of Fallot or ventricular 
septal defect 3-25x2-40 0-74 4507 6107 4375 ~ 
18 Normal heart 2-80 2-00 071 4414 6188 5288 = 
19 Normal heart 3-40 2.80 0-82 5945 7223 4905 = 
20 Normal heart 2-80 x 2-00 0-71 5621 7887 4727 == 
21 Normal heart 3-00 2-40 0-80 6850 8567 7002 — 
22 Normal heart 3.10x 2-40 0-77 4450 5751 5359 - 
23 Normal heart 2:90х 2.20 0.75 6881 9075 6509 - 
24 Persistent ductus 
arteriosus 3-10%2-22 0-72 6089 8486 6615 6400 
25 Persistent ductus 
arteriosus 1-60 1-20 0-75 2437 3245 2796 oe 
26 Atrial septal defect 2:90 x 2:20 0:76 3426 4517 3279 3300 
27 Pulmonary stenosis 1:90х 1-50 0-79 2160 3481 2280 2400 
28 Pulmonary stenosis 2:80 2-20 0-79 3438 4317 3213 2200 
29 Atrial septal defect 2.55х 1:85 0-73 3749 5025 3739 3600 
30 Atrial septal defect 2.75х2:20 0:80 2830 3538 3160 — 
31 Atrial septal defect 4-00x 3-01 0-75 5479 7309 5547 — 
32 Postoperative tetralogy 
of Fallot or ventricular 
septal defect 1-60 1-25 0-78 1241 1625 1372 — 
33 Aortic stenosis Irregular — 3349$ 5661$ 316001) 3000 
34 Atrial septal defect 240x 1:80 0-75 3738 4983 3832 3400 
35 Pulmonary stenosis 147x107 0-73 1241 1341 1372 1100 
36 Aortic stenosis Irregular — 2430$ $ 2320001) 2300 
37 Postoperative tetralogy 
of Fallot or ventricular 
septal defect 2-45х 1-40 0-57 3050 5381 2670 1400 


* Ratio of minor to major axis of the mitral valve. 

+(T), flow measured at the tricuspid valve. 

tArea determined by planimetry. 

§ Value calculated from a diameter measurement. 

€ncalculable because of lack of satisfactory diameter measurement. 


basis of their known cardiac malformation. Patients 
with abnormal mitral valves (mitral stenosis or 
atrioventricular defects) were excluded as were 
patients with significant aortic stenosis or incompe- 
tence. In 10 patients mitral flow was measured simul- 
taneously by the Fick method and by the Doppler 
technique during cardiac catheterisation. 


AORTIC FLOW MEASUREMENT 

Aortic flow measured by the Doppler technique or 
systemic flow measured by the Fick method served as 
reference standards for mitral flow measured by the 


Doppler technique. Aortic flow was measured as pre- 
viously described.? An off axis imaging transducer 
was placed in the suprasternal notch and the cursor 
aligned with the walls of the mid-ascending aorta. The 
highest velocity with the least spectral broadening was 
obtained by manipulation of the transducer within the 
two visualised planes. The transducer was then 
moved carefully in the third plane to maximise veloc- 
ity and reduce spectral broadening. When this man- 
oeuvre was completed the velocity obtained was con- 
sidered to be the true maximal velocity, and no cor- 
rection for an intercept angle was used. This same 
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173cm/s 





-61cm/s 
Fig. 1 Mitral velocity tracing and a cross sectional 
echocardiogram showing the site from which it was recorded. The 
cursor is shown as a highlighted imaging line and the sample 
volume as two parallel lines flanking the cursor. RV , right 
ventricle; LV , left ventricle; ML, mitral leaflets . 


spatial alignment technique was used for velocity 
recordings at all other sites. The aortic diameter was 
measured at the level of the centre of the sample vol- 
ume by lateral resolution (centre of the brightest por- 
tion of the image of one wall to a similar point on the 
other wall) from the same transducer location in the 
suprasternal notch and was then converted to an area 
using the formula: area = 3-1416 x (diameter x 0-5) 
squared. 


TRICUSPID FLOW MEASUREMENT 

Tricuspid flow was measured as previously 
described.^ From an apical four chamber imaging 
plane, a spatially aligned velocity was obtained just 
distal to the tricuspid ring. The tricuspid orifice 
diameter was measured between the insertions of the 
valve leaflets on to the ring and the diameter was con- 
verted to an area by applying the same formula as for 
the aorta. 


MITRAL FLOW MEASUREMENT 

Mitral velocity was recorded from the apical four 
chamber imaging plane by placing the sample volume 
just distal to the ring and generally aligned with the 
septum. The optimal transducer location was one that 
placed the septum vertically within the imaging cone 
(Fig. 1) or one in which the apical septum tilted 
slightly to the right. The sample volume was located 
approximately at the leaflet commissure. А site with 
large amplitude negative velocities (from the left ven- 
tricular outflow tract) was avoided. The ultrasound 
beam was then spatially aligned with flow as previ- 
ously described to record the maximal velocity, an 
example of which is shown in Fig. 1. Mean velocity 
was determined by manually digitising the modal vel- 
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ocity of at least three cardiac cycles on a digitising pad 
interfaced to an Apple П computer. The modal veloc- 
ity is the most commonly occurring velocity at any 
given instant and appears therefore as the blackest 
part of the time-velocity trace (Fig. 1). The compu- 
ter, which was controlled by a dedicated Biodata 
program, was used to determine the area enclosed by 
the time-velocity curve and to calculate mean velocity 
per second by dividing this area by the distance along 
the horizontzl axis. This process has been described in 
detail.'? To measure the mitral ring diameter the 
transducer was placed in the parasternal short axis 
plane, and the root of the aorta, including the cusps, 
was imaged. The transducer was then angled slightly 
inferiorly and leftward to image the mitral ring. The 
ring was usually elliptical, but sometimes the post- 
erior right area was slightly flattened. 

The valve rings were photographed from a video 
tape recording. Although the ring size did not change 
much with the cardiac cycle it was considerably easier 
to measure in early diastole because the leaflet tissue 
was displaced into the ventricle. The axes were meas- 
ured from the monitor using a manual caliper, and 
then that distance was measured with electronic calip- 
ers. This method provided increased accuracy and 
control compared with primary measurement with 
electrical calipers. The major axis was measured by 
lateral resolution and the minor axis by the leading 
edge technique. The major axis measurement pro- 
vided data essentially the same as measurement of the 
ring orifice from the four chamber plane, and this 
value was used for the calculation of mitral valve area 
by the circle method. 

Initially, images were recorded of 20 such orifices 
and the area determined by planimetry. The results 
were compared with those of the area calculated 
according to the formula: area = a х b x 3.1416, 
where a is the major axis and b the minor axis meas- 
ured perpendicular to the mid-point of the major axis. 
The results of the area calculation were within 896 of 
the planimetered area if the ring was approximately an 
ellipse or a flattened ellipse. If the ring was scalloped 
or irregular, however, the calculated and planime- 
tered areas differed by 1096 to 20%. Therefore for this 
study all scalloped or irregular rings were planime- 
tered and the area of all the regular rings was deter- 
mined by the formula. In both instances the accepted 
value was the mean of at least three beats. The time 
required to obtained appropriate velocities and area 
measurements in a cooperative subject was 3-4 
minutes. 


STATISTICAL ANALYSIS 

The results of the various measurements of mitral, 
aortic, and Fick blood flows were compared by linear 
regression analysis and paired 1 test. 
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Results 


Data of adequate quality were obtained from all 
patients selected for study, and no imaging or velocity 
recording proved to be particularly difficult. 


MITRAL RING SHAPE 

The mitral rings were found to vary in shape. One 
normal subject and two patients had orifices that were 
clearly neither an ellipse nor a flattened ellipse. The 
normal subject had a ring that was essentially circular. 
The two patients had rings with significant scallops. 
The remainder had rings that were approximately 
elliptical or flattened ellipses. The range of the ratio of 
minor to major axis, excluding the subjects with the 
round or irregular orifices, was © 54—0-84 (mean 0:73). 
Most subjects had a ratio near 0-75 (Table 1). 


COMPARISON OF MITRAL AND AORTIC DOPPLER 
FLOW MEASUREMENTS 
Aortic blood flow measured by Doppler was recorded 
in 35 subjects. Two others had.turbulent flow in’ the 
aorta, and therefore, in these patients, since no shunts 
were present tricuspid flow measured by the Doppler 
technique was substituted for aortic flow (Table 1). 
Mean mitral flow by the elliptical technique for'37 
patients was 4230 ml/min (Table 2), which was not 
significantly different from mean aortic flow 
(4368 ml/min). Mean mitral flow by the circular tech- 
nique (36 patients), however, was 5874 ml/min, 
which was significantly greater (p« 0-01) than aortic 
flow (mean 4428 ml/min) in the same patients. 
Companion of mitral flow, calculated by the ellipti- 
cal method, with aortic flow (including the two 


patients with tricuspid measurements) measured by ` 


the Doppler technique gave a correlation of 0-96; SEE 
516 ml; slope 0-90; intercept 297 ml (Table 2, Fig. 2). 
Mitral flow calculated by the circle technique and 
compared with the same group showed a correlation 
of 0.91; SEE 1003 ml; slope 1-13; and intercept 
868 ml (Table 2, Fig. 2). 
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0 25 50 75 100 125 
Fick flow 
Fig. 2 Companson of aortic flow (l/min) measured by the 
Doppler technique and mural flow (l/min) measured by (a) the 
elliptical and (b) circular area techniques. r, correlation 
coefficient; SEE, standard error of the estimate; y, value of the 
intercept on the vertical axis. 





COMPARISON OF DOPPLER AND INVASIVE FLOW 
MEASUREMENTS 

Mean values for flow in 10 patients by the mitral ellip- 
tical (3267 ml/min), aortic (3236 ml/min), and Fick 
(3010 ml/min) methods were not significantly differ- 
ent (Table 2). The mean value for flow calculated by 
the mitral circular , method ' in nine patients 
(4799 ml/min) was considerably greater than that by 
the Fick method in the same patients (mean 


Table 2 Companson and correlatiwn of flow values through the mural and aortic valves 


Method n Mean (SD) (тїтїп) 
Mitral flow (ellipse) 37 423001871 
Aorne flow 37 4368( 1998 
Mitral flow (circle) 36 5874(2465 
Aoruc flow 36 4428(1992 
Mitral flow (ellipse) 10 3267(1271 
Fick flow 10 3010(1461 
Matral flow (circle) 9 47991896 
Fick flow 9 3 1527 
Aortic flow 10 3236 1407 


Fick flow 10 30101461 





р т SEE (т) 51оре у axis 
tatercept (т) 

NS 096 516 09 + 297 

«001 0-91 1003 113 + 868 

NS 0-93 435 081 + 825 

NS 0 82 1024 102 +1656 

NS 096 370 0 93 * 450 
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Fick flow 
Fig. 3 Сотратзоп of mitral flow measured simultaneously by 

the Fick method at catheterisation and by the Doppler 

with the mitral area calculated by (a) the elliptical and (b) the 
EIE кете Borat анана dva as 
т Fig. 2. 
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3088 ml/min), but the difference was not statistically 
significant. The three Doppler flow measurements 
(mitral elliptical, mitral circular, and aortic) all corre- 
lated well with Fick flow (Figs. 3 and 4, Table 2) with 





0 15 30 45 
Fick flow 


Fig. 4 Companson-of flow measured simultaneously at 
catheterisation by the Fick method and by the Doppler technique 
thi the mid-ascending aorta. Abbreviations and calibration of 
-axes as m Fig, 2. - 
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correlation coefficients of between 0-82 and 0-96, the 
lowest correlation being for the comparison of the 
mitral circular method with Fick flow. Other descrip- 
tive statistics were different (Table 2). The standard 
errors of the estimate were: aortic (370 ml), mitral 
elliptical (435 ml), and mitral circular (1024 ml). The 
slope of the relation was very close to 1-0 for the mitral 
circular method but was significantly lower for the 
aortic and mitral elliptical techniques. The intercept 
was closest to the origin for aortic flow (+450 ml) and 


7 further for mitral elliptical (+825 ml) and mitral cir- 


cular (+1656 ml).. 
Discussion 
Three main findings emerge from this study: (a) 


mitral flow determined by either of the two evaluated 
techniques correlated reasonably closely with control 


- flows, (b) mitral flow calculated by the elliptical orifice 


area technique provided a closer match with control 
flows than did mitral flow calculated by the circular 
area technique, (c) aortic flow measured by Doppler 
correlated closely with Fick flow and had the lowest 
standard error of the estimate of any of the Doppler 
measured flows. 


MITRAL ELLIPTICAL TECHNIQUE 

Brock observed that in the living patient the mitral 
annulus was not usually circular,!! and careful 
assessment using cross sectional echocardiography 
confirms that, although the shape of the mitral 
annulus changes throughout the cardiac cycle, the 
orifice is essentially elliptical.!? Anatomical studies 
have usually been performed by dividing the valve 
annulus and measuring the circumference rather than 
defining its precise shape. Rusted and colleagues 
showed that in a small number of adults the mean 
anteroposterior diameter of the mitral valve was 
1-5 cm compared with an intercommissural diameter 


- of 2:5 cm for men and of 2-1 cm for women.!? As they 


pointed out, however, the anteroposterior diameter 
could not be measured with the same degree of accu- 
racy as the intercommisural diameter because of the 
way in which the valves had been' opened. Figure 5 


-shows the-shape of three typical mitral valve orifices, 


two in fresh postmortem specimens and one as seen 
from the parasternal short axis view using cross sec- 
tional echocardiography. 

In most of the patients in the present study the 
orifice appeared to be a flattened ellipse, whereas п a 


-few other patients it was irregular in shape containing 


angles or scallops (Table 1). Only one subject had a 
mitral orifice that was approximately circular. The 
valve ring was more difficult to image than the 
leaflets, but its shape and size were relatively constant 
throughout diastole whereas the leaflet orifice varied 
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continuously. Essentially, the same shape and area 
can be measured from the leaflets near their insertion 
into the annulus, but this area constantly changes and 
equals or nearly equals the ring area only during early 
diastole. A true short axis image of the ring or the first 
portion of the leaflet is essential because imaging in 
any other plane might introduce angulation and fore- 
shortening of one or the other of the axes. 


Fig. 5 Morphological appearance of (a) a typical mitral orifice 
as seen from the left atrium in a fresh postmortem specimen (rano 
of the minor axis to the major axis 0-7) and (b) a fresh 
postmortem specimen in a similar view (ratio of minor axis to 
major axis 0-89). (c) A short axis parasternal cross sectional 
echocardiographic view of the mitral valve ring їп early diastole 
(ratio of the minor to the major axis 0-66). 


MITRAL VELOCITIES 

The correct cursor alignment needed to record maxi- 
mal velocity with minimal spectral broadening of the 
signal may not parallel the septum, and the exact site 
must be determined by listening to the audiosignal 
and observing the monitor. Mitral velocity patterns 
are not identical from beat to beat and depend on 
cardiac cycle length and phase of respiration. There- 
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fore several cardiac cycles must be recorded and digit- 
ised. 


PLANIMETRY VS ELLIPTICAL FORMULA 

The elliptical formula for the mitral valve orifice area 
gave a value within 8% of the planimetered ring area 
when the ring was not scalloped or irregular in shape. 
The formula was used for its convenience and for 
economical reasons since printing several frames 
requires the use of expensive photographic paper. 
Nevertheless, since the mitral ring usually has the 
configuration of a slightly flattened ellipse planimetry 
is undoubtedly more accurate even for non-scalloped, 
regular bordered rings. Planimetry is mandatory for 
scalloped or irregularly shaped rings. 


CORRELATION COEFFICIENTS 

Correlations for comparison of all of the measure- 
ments in this study were high. The range of the data, 
however, was necessarily large because children of 
different ages were studied. A large range of values 
improves the correlation coefficient. If the range of 
values was reduced, as might occur in a study of an 
adult population, the same technique would be 
expected to have a lower correlation. 


ERRONEOUS RESULTS WITH THE ELLIPTICAL 
METHOD 

This method was not used in patients who had major 
mitral valve abnormalities such as atrioventricular 
defects or mitral stenosis. F urthermore, subjects who 
have the mitral valve in an unusual site may present a 
problem in proper alignment of the ultrasonic beam 
with the plane of the ring. This situation could lead to 
an underestimation of the area if one or other of the 
measurement axes was foreshortened. Finally, 
patients with calcification of the annulus may have 
increased reflections that might impede precise 
assessment of the valve ring dimensions. 


COMPARISON OF THE THREE METHODS FOR 
MITRAL FLOW 

Since all methods share the same velocity measure- 
ment the differences in calculated flows result from 
the differences in the way in which the flow area is 
calculated. The initial technique described by Fisher 
and associates’ provided a reasonably accurate 
assessment of mitral flow in dogs, but when data were 
compared with other techniques in humans the corre- 
lation coefficient with aortic flow was less than 0-6 and 
the standard error of the estimate exceeded 1 l/min. 
Preliminary results suggest that the circular area 
technique provides an improvement in both these 
respects.5? In the present study, however, the circu- 
lar method consistently overestimated mitral flow 
because the orifice was rarely a full circle. This finding 
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is in contrast to the observation of Lewis and col- 
leagues.? Although the slope of the regression line of 
mitral flow by the circular method against Doppler 
aortic flow was almost as close to 1-0 as the slope of the 
regression line for the elliptical method, the standard 
error of the estimate was considerably larger and the 
intercept on the y axis was 868 ml (Fig. 2, Table 2). 
Therefore, over the range of flows measured in this 
study the circular method consistently overestimated 
mitral flow to a considerable degree. By comparison, 
the elliptical method, with a smaller positive intercept 
on the y axis and a correlation coefficient of 0-9, pro- 
vided a better match of flows. 

In favour of the circular area method is its simplic- 
ity since only one diameter measurement is required. 
А slight error in diameter measurement will, how- 
ever, lead to a large error in calculated area because 
the radius is squared. In the present study the ellipti- 
cal area method provided the better statistical results 
with values that could be applied directly with accept- 
able accuracy without calculating a correction based 
on the equation for the regression line. A correction 
would be required for the circular technique. The 
elliptical method makes fewer assumptions about the 
ring shape, and a small error in the measurement of 
one of the axes is less critical. The elliptical method is, 
however, slightly more difficult to apply. Two axes 
must be measured from video tape replay and any 
shape irregularity requires planimetry. The data show 
that, although both the circular and elliptical mitral 
area techniques have clinical value, the best results are 
found for mitral flow with the elliptical area meas- 
urement method. 
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SUMMARY Twenty one patients with retained endocardial pacemaker leads were followed during a 
total observation period of 1097 months to assess the incidence of complications. Two patients 
developed thrombosis and occlusion of the superior vena cava, which was relieved by the develop- 
ment of a collateral venous circulation. In one patient the broken tip of the lead migrated to a 
pulmonary artery but did not cause overt complications. The remaining patients were free of 
symptoms. One patient died for reasons unconnected with pacemaker treatment. 

The good toleration of retained pacemaker leads by most patients indicates that major surgical 
procedures to remove the lead should be reserved for patients with life threatening complications, 
such as persistent infection or dangerous migration of the lead or both. 


Complications of pacemaker treatment such as infec- 
tion, lead fracture, insulation break, threshold 
increase (especially with — non-programmable 
pacemakers), and electrode displacement may need 
corrective surgery to insert a new pacing lead. 
Removal of primary, now functionless and often 
defective, leads cannot always be achieved. As a 
result, there are two or sometimes even more leads in 
the cardiovascular system, which increases the risk of 
thrombus formation, infection, or migration of the 
lead. To assess this risk we studied patients with 
retained pacing leads. 


Patients, methods, and results 


The clinical records of permanent pacemaker implan- 
tations from January 1972 to January 1982 were 
reviewed. In 21 patients (17 men, four women; mean 
age 64-9 (range 51-85) years) implantation of a new 
pacing lead was necessary in 23 instances because of 
various forms of malfunction (Table). In all 23 
instances the removal of the functionless lead was 
Requests for reprints to Dr Franciszek Zerbe, Ist Department of 
Cardiology, Medical Academy, 61848 Poznan, Dluga 1/2, Poznań, 
Poland. 
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Table Reasons for implantation of a new pacing lead 
(23 implantations in 21 patients) 





No of patients 





Pacemaker pocket infection 
Electrode displacement 
Mechanical penetration 
Threshold increase 

Lead fracture 


Uc К хл АО 


Insulation break 
Unspecified 





impossible. In 18 instances the lead remained fixed to 
the right ventricular wall; in five instances it migrated 
into the right atrium (three cases), the right internal 
jugular vein (one case), and one of the proximal 
branches of the right pulmonary artery (one case). 


CASE HISTORIES 

Case 1—А 63 year old man underwent insertion of 
the Elema-Schónander EMT 588 lead in January 1972 
for complete atrioventricular block. The pacing lead 
became dislodged on the tenth day after insertion. 
Repositioning was not achieved, and a new EMT lead 
was introduced. A third lead was inserted in August 
1982 because of extrusion of the box through the skin. 
Both functionless electrodes remained in the car- 
diovascular system despite attempts to remove them; 
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Fig | Case 1: chest radiograph showing three pacing leads in 
the cardiovascular system; one electrode is visible in the right 
internal jugular vein and two in the right ventricle. 


the first lead migrated into the right internal jugular 
vein (Fig 1). 

Case 2—An EMT 588 lead was inserted in August 
1972 in a 60 year old man because of complete 
atrioventricular block. The lead became dislodged 
two months later; repositioning and removal were 
impossible, and a second EMT 588 lead was 
implanted. In May 1983 a third lead was introduced 
because of late infection of the pacemaker pocket 
three months after replacement (Fig. 2). 

Case 3—A 54 year old man underwent implantation 
of the LEM lead for intermittent second degree 
atrioventricular block in March 1976. Pacing ceased 
in September 1982 because of a threshold increase. 
During attempted withdrawal the lead broke leaving 
the tip in the heart. Subsequently, the electrode 
migrated into one of the proximal branches of the 





Fig 2 Case 2: chest radiograph showing three pacing leads t 
the cardiovascular system; the electrodes are visible in the right 
ventricle. 


right pulmonary artery without producing any clinic 


symptoms and signs either immediately after the 


event or later during 21 months follow up (Fig 


FOLLOW UP AND OUTCOME 
All the patients were followed up to the end of Jun 
1984. The total observation period for patient 
two pacing leads was 1097 (range 16-127 
Mean observation time was 52:2 (median 37) mon 
Two patients with three leads were followed for 
and 22 months after the insertion of a third lead 

In two patients, previously reported major venou 
thrombosis occurred 11 and 24 months after insertior 
of a new pacing lead.' In both cases symptoms an 


mon 


vit 
hs 
hs 


signs of thrombosis and occlusion of the superior vena 


cava were relieved by the development of collatera 
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Fig3 Case 3: chest radiograph showing a migrated electrode 
(arrow) in the intermediary part of the right pulmonary artery. 


venous channels. One patient died 58 months after 
the insertion of a second lead as a result of gastrointes- 
tinal haemorrhage. Two patients were lost to follow 
up after 16 and 23 months of observation. At the final 
examination in June 1984 all the remaining patients 
were free of symptoms and had no signs of thrombosis 
or infection. Chest x ray films excluded the possibility 
of serious migration of the pacing leads in all patients. 


Discussion 


Insertion of a pacemaker lead may predispose to 
thrombosis or occlusion in axillary, subclavian, or 
innominate veins, or in the superior vena cava.?? The 
venographically confirmed incidence of venous 
thrombosis in patients with an inserted pacing lead is 
high and may vary from 28-5%* to 78-5%.* Neverthe- 
less, in most instances the effective circulation is well 
preserved because of the development of collaterals; 
thus, the vena cava syndrome or oedema of the arms 
occurs rarely.5 8 

Only one case of overt thrombosis occurred out of a 
total number of 1201 patients reported by Lagergren 
et al,? Furman et al,'° and Kalmar et al.!! The inci- 
dence of clinically overt venous thrombosis does not 
seem to be high, in absolute terms, even in patients 
with two pacing leads. It was not noted in probably 
the largest reported series of Rettig et al,'* who fol- 


lowed 46 cases for a mean of 21-4 months. On the 
other hand, as many as half the overall number of 
thrombotic complications due to pacemaker treat- 
ment relate to patients with two pacing leads.'? The 
incidence of subclinical venous thrombosis is also 
significantly higher in patients with two leads than in 
those with one.'* In our experience the successful 
removal of a functionless lead does not increase the 
incidence of thrombotic complications. Such a 
findings has not been reported. Symptoms and signs 
of venous thrombosis may be encountered as early as 
23 days and as late as seven years after the insertion of 
a pacing lead'; more often, they tend to appear after 
a latent period of approximately 12 months.'* 

The possibility of sepsis culminating in endocar- 
ditis is a serious risk in patients with retained leads 
after surgical treatment for infective complications. In 
Rettig et al’s series there were four deaths due to sep- 
tic complications, and infection persisted in two cases 
out of 21 with probably infected leads.'? There were 
no infective complications in our series either because 
the numbers were small or because we adopted the 
policy of early surgical intervention in case of infec- 
tion. The risk of fatal infection perhaps justifies 
attempts to remove infected leads in selected cases by 
traction.!! 1617 Such removal may avoid cardiotomy, 
which may, however, be necessary in cases of life 
threatening infection.!?'" Traction, especially when 
performed too forcibly, is a hazardous procedure 
which may cause severe arrhythmias and damage to 
the heart structures.!? !? !8 It should therefore be per- 
formed under close clinical and electrocardiographic 
surveillance. 

Removal of an implanted pacing lead is often 
impossible because of the development of a fibrous 
sheath around the lead which extends along it as far as 
the superior vena cava.'? Nevertheless, even when 
firmly secured a retained lead sometimes frees itself 
and migrates. The seriousness of this rare complica- 
tion depends on the size of the portion of the migrated 
lead and where it became lodged. Migration into the 
inferior vena cava!??9?! and the pulmonary vascular 
system!? 22 has been reported. 

А pacing lead in the inferior vena cava was removed 
by the angiographic snare catheter technique.?? Mi- 
gration of a portion of lead into the pulmonary vascu- 
lar bed may be fatal.'? In contrast, in a patient 
described by Theiss and Wirtzfeld?? there were no 
noticeable clinical consequences after migration, 
which is similar to one of our cases (case 3). Accord- 
ingly, in both instances the dislodged fragments were 
left in situ. 

HK died recently. 
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Effect of exercise on ventricular response to atrial 
fibrillation in Wolff-Parkinson-White syndrome 
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- SUMMARY Ten patients with Wolff-Parkinson-White syndrome underwent cardiac electro- 
physiological study extended to include the induction of atrial fibrillation at maximum exercise in 
the upright position. This was performed using a new temporary bipolar lead with a helical active 
fixation tip for atrial pacing. The highest rate of atrioventricular conduction via the accessory 
pathway was greater during exercise than at rest in all 10 patients (mean increase 2896). In three 
cases the resulting ventricular rate exceeded 300 beats/min, but no patient had severe symptoms or 
ventricular arrhythmias. 

The exercise induced enhancement of accessory pathway conduction may significantly but unpre- 
dictably affect the risk from spontaneous atrial fibrillation especially in patients with coronary artery 
disease or in those taking antiarrhythmic drugs. The test procedure was sufficiently simple and well 


tolerated to be included in our routine electrophysiological investigation. 


In patients with Wolff-Parkinson-White syndrome a 
spontaneous episode of atrial fibrillation may be con- 
ducted by the ventricles at a very high rate if the 
accessory pathway has a short refractory period. This 
can itself result in syncope and may progress to ven- 
tricular fibrillation.! ^5 It is in an effort to assess this 
risk that in the cardiac programmed stimulation study 
the maximum rate of atrioventricular conduction via 
the accessory pathway is tested by rapid atrial pacing 
and induction of atrial fibrillation. 

Recently, a young patient underwent such a study, 
which showed a maximum ventricular rate with atrial 
pacing, or in atrial fibrillation, of 130 beats/min. А 
few weeks later, however, he had an apparent syn- 
copal attack while playing football. This led us to 
question whether the standard study, performed with 
the patient supine and at rest, was able to indicate the 
full extent of the risk in the ambulant patient. 

We therefore extended the electrophysiological 
investigation to see if upright posture and exercise 
affected the behaviour of the accessory pathway. We 
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report here the results of such studies in 10 patients 
with Wolff-Parkinson- White syndrome who were tak- 
ing no drugs. 


Patients and methods 


The 10 subjects were selected from 13 consecutive 
patients undergoing investigation for Wolff- 
Parkinson-White syndrome. Two were excluded from 
this analysis becuase they were taking antiarrhythmic 
drugs; one other patient developed disorganised ven- 
tricular activity with syncope during the resting pro- 
grammed stimulation study so that further study dur- 
ing exercise was considered inappropriate. Seven were 
men, three women; their ages ranged from 14 to 47 
(mean 29) years. All patients had electrocardiograms 
showing consistent delta waves and short PR inter- 
vals, and all had regular tachycardias either 
documented or strongly suggested by symptoms. The 
delta wave pattern indicated that the accessory path- 
way was left sided in four, right sided in two, and 
septal in four. 

All patients underwent standard programmed 
stimulation studies including rapid atrial pacing and 
the induction of atrial fibrillation at rest. The findings 
established the potential for orthodromic tachycardia 
and confirmed that the site of the accessory pathway 
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Fig. 1 Electrocardiograms recorded from the same panent during 
during 


during incremental ата! pacing when supine at rest (а) and 


peak bicycle exercise m the upright position (b). Loss of atrioventricular conduction vta the accessory pathway (AP) 


(arrowed) occurred at a rate of 240 beats man at rest and at 330 beats min during exercise. (In ths patient (case 7) the highest 


rates were achieved dunng atrial fibrillanon.) 


had been correctly predicted from the electrocardio- 
gram. No dual accessory pathways were evident. 

One of the problems in extending the study to 
include atrial pacing on exercise 1s instability of the 
atrial electrode. We have used a new type of tempor- 
ary pacing lead with active fixation (OSYPKA 
TU115S, Siemens-Elema (UK), Sunbury on Thames, 
Middlesex). It is a No 5 French gauge bipolar lead 
with a helical tip electrode and a removable stylet, 
which can be curved for positioning in the right 
atrium. The lead was inserted via the right subclavian 
vein in nine patients, in six at the time of the resting 
stimulating study, and in three as a separate proce- 
dure. In one patient with a left sided accessory path- 
way a standard bipolar electrode in the proximal 
coronary sinus, inserted via the subclavian vein, was 
left in place after the resting study and used for the 
exercise study. 

All patients were exercised upright on the bicycle 
ergometer. The upright position was chosen because 
previous experience indicated that posture 
significantly affected the behaviour of re-entry 
tachycardias including the effective refractory period 
of the accessory pathway for retrograde conduction.‘ 5 

The bicycle ergometer was used rather than the 
treadmill because of the better quality electrocardio- 
gram produced and the partial support given to the 
patient in case faintness developed. The electrocar- 
diogram was monitored continuously as two external 


channels and right аспа] electrogram. A lightweight 
portable programmed stimulator (Biotronik USM-30, 
Biotronik (UK) Ltd, Slough, Berkshire) was also 
connected to the atrial lead. Resuscitation faciliues 
were immediately available, as were adequate person- 
nel to manage the patient physically and medically 
should syncope occur. 

Exercise was performed with workload increasing 
by 50 W every 2 minutes up to the maximum capabil- 
ity, in all cases limited by fatigue with sinus rates over 
150 beats/min. During peak exercise atrial pacing was 
started and the rate increased until atrioventricular 
block occurred and atrial fibrillation was 1nduced as 
confirmed by the абла] electrogram. Exercise was 
then stopped, and spontaneous reversion to sinus 
rhythm occurred in eight cases. One patient reverted to 
atrial flutter with 2 : 1 atrioventricular block and one 
to an orthodromic atrioventricular re-entry tachycar- 
dia at 170 beats/min. They were converted to sinus 
rhythm by atrial pacing using burst overdrive and 
single timed extrastimulus respectively. 


Results 


The usual behaviour of atrioventricular conduction in 
Wolff-Parkinson-White syndrome was seen with 
incremental atrial pacing at rest: progressive widening 
of the QRS complexes with increasing pre-excitation. 
This was due to lengthening delay in the atrioven- 
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Fig. 2 Electrocardiogram showing the node dominant response to incremental atrial pacing during exercise. In 
this patient (case 4) the test was performed at submaximal exercise (chosen for illustration); 1 : 1 atrioventricular 
conduction was maintained via the atroventricular (AV) node up to a rate of 320 beatsimin after conduction block 
in the accessory pathway (AP) had developed at 290 beatsimmn (arrowed). 


tricular node as shown by a decreasing HV interval 
associated with an increasing AH interval. At a rate 
determined by its refractory period there was sudden 
block in the accessory pathway resulting in either con- 
tinued conduction, with delay, by the atrioventricular 
node and His bundle (which may be called “node 
dominant" behaviour) or the development of second 
degree atrioventricular block (“accessory pathway 
dominant"). Figure 1 shows an example of the latter 
behaviour, with block occurring at 220 beats/min. 
With exercise, as the sinus rate increased, the delta 
wave became less apparent. This was associated with a 
shortening of the P to non-delta R wave interval and 
therefore presumably the atrioventricular nodal con- 
duction time. On atrial pacing the reverse was seen 
with increasing pre-excitation and widening of the 
QRS interval at first progressively and then in some 
cases abruptly probably owing to block in the 
atrioventriuclar node, possibly bundle branch block. 
Atrioventricular conduction continued with little 
change in the stimulus to R wave interval until in 
eight patients 2 : 1 block occurred in the accessory 
pathway. Figure 1 also shows this accessory pathway 
dominant pattern with block at a substantially higher 


Table Details of patents and results 


rate (330 beats/min) than at rest in the same patient. 

Figure 2 shows the node dominant behaviour seen 
in the other two patients during peak exercise. There 
was аї first the usual increasing degree of pre- 
excitation with atrial pacing; the delta wave then sud- 
denly disappeared leaving а narrow QRS complex 
with a longer PR interval; 1 : 1 conduction continued, 
however, to a higher rate at which Wenckebach type 
block occurred. In these patients the highest rate of 
accessory pathway conduction was taken as the rate at 
which the loss of delta wave occurred. 

As atrial pacing rate was increased further, atrial 
fibrillation was induced and conducted irregularly via 
the accessory pathway or atrioventricular node. In 
four patients at rest and in three during exercise the 
shortest interval between two similar pre-excited 
complexes during atrial fibrillation indicated a higher 
maximum forward conduction rate via the accessory 
pathway than seen during the incremental atrial pac- 
ing, suggesting that with these cases intra-atrial or 
pacemaker exit block had been the limiting factor. 

The maximum rate of atrioventricular conduction 
by the accessory pathway was higher during exercise 
than at rest in all 10 patients. Thus even with this 








Case No Age (ут) Sex AP яи* Resnng Exercase 
maximum 
(beatsimnn) SRt Maximum APT % Increase m 
(beatshmn) (beatsimin) maximum 
1 14 M Right 130 (N) 150 200 (М) 54 
2 30 F Septal 240 160 300 25 
3 31 F t 215 185 260 21 
4 32 F t 260 175 330 (N) 27 
5 38 M Septal 230 175 (AF) 255 11 
6 28 M Left 230 (F) 175 290 26 
7 16 M Left 240 (F) 180 350 46 
8 37 M Left 240 160 310 31 
9 18 M Septal 270 170 300 11 
10 47 M Septal 230 160 300 30 
Mean 29 229 169 290 28 


*AP site, site of accessory рата, 
Maxim 


AP, maximum rate of anterograde conduction via the accessory pathway (N, node dominant; F, in atrial ПЬтШапоп). 


um 
Bn sinus rate on exercise just before atnal pacing (AF, atrial flutter with 2 : 1 b 


lock). 


Percentage increase in maximum rate of anterograde conduction via the accessory pathway during upright exercise compared with resting 


supine. 


1 


Maximum anterograde conduction rate (beats/min) 
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100 Rest Exercise 
Fig. 3 Individual results from 10 panents showing maximum 
anterograde conduction rate via the accessory pathway when 

supine at rest and during peak exercise. í 


small number the result is statistically highly 
significant (p<0-002). The Table and Fig. 3 show the 
individual results; the mean increase was 28%, range 
11% to 54%. 

In three patients the maximum rate during exercise 
exceeded 300 beats/min. There was, however, no dis- 
organised ventricular activity, and, although one 
patient felt moderately faint, all were able to continue 
pedalling unaided. Most reported that their symp- 
toms were much milder than those produced by 
incremental atrial pacing during the original resting 
study. 

The procedure resulted in no other complications: 
in particular, no patients developed symptoms or 


signs of myocardial perforation with the use of the 
active fixation leads. 


Discussion 


The aims of these studies were twofold: the practical 
and the scientific. The primary aim was to answer the 
practical question: is the patient at risk of circulatory 
collapse or ventricular fibrillation if atrial fibrillation 
were to occur spontaneously during exercise? The 
second question was whether exercise had an appreci- 
able effect on the refractory period of the accessory 
pathway in patients‘ with consistent pre-excitation. 
Although this has not to our knowledge been tested 
before, there is some indirect evidence of enhance- 
ment of anterograde accessory pathway conduction by 
exercise. 

In a previous study from this laboratory, of 
tachycardia termination windows, two patients had 
Wolff-Parkinson-White syndrome and orthodromic 
tachycardias. In these, ventricular extrastimuli 
showed a shorter retrograde refractory period in the 
accessory pathway with upright posture and exercise 
resulting in the shrinking or disappearance of the 
termination window. A result of sustained tachycardia 
has also been shown by Curry et al to be a shortening 
of accessory pathway refractoriness, although the 
mechanism for this probably involves a direct effect of 
the rate as well as haemodynamic reflexes. Hammill 
et al recently described two patients in whom ortho- 
dromic tachycardia could be sustained only in the 
upright position, although it was not stated whether 
block occurred in the normal or the accessory path- 
way when supine. 

There have been several studies in which exercise 
seemed to facilitate ventricular pre-excitation in sinus 
rhythm in patients with intermittent pre- 
ехсїїайод.7 19 In other similar cases, however, exer- 
cise has resulted in block in the accessory path- 
way?!9!!;: this block was probably caused by the 
increase in sinus rate as shown by both the similar 
effect of atropine in two? !! and the opposite effect of 
carotid massage. !? 

Ап increase in the maximum rate of conduction 
through the accessory pathway could be expected to 
be caused by stimulation of adrenoreceptors in the 
pathway either by circulating catecholamines or by 
increased tone in the sympathetic innervation. Iso- 
prenaline infusion has been shown to cause recovery 
of pre-excitation in five patient in whom it had disap- 
peared either spontaneously or after antiarrhythmic 
treatment. More important to this study are the 
findings of Wellens et al, who measured the effective 
refractory period of the accessory pathway in seven 
patients with Wolff-Parkinson-White syndrome and 
found that in six it shortened after an infusion of iso- 
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prenaline.!?? The measurements were made during 
pacing at a constant rate to avoid any direct rate 
effect. Cosio et al reported a patient presenting with 
ventricular fibrillation while playing racquet ball, in 
whom isoprenaline reduced the shortest pre-excited 
RR interval in atrial fibrillation from 270 to 180 ms. !4 

Our results confirm that exercise combined with 
upright posture significantly increases the maximum 
rate of atrioventricular conduction via the accessory 
pathway. The degree of increase, however, varied 
widely between patients and was not related to age or 
the site of the pathway. 

The haemodynamic tolerance to ventricular rates of 
up to 350 beats/min during exercise was an unex- 
pected finding. It contrasts with our usual experience 
that some patients at rest feel severely faint at lower 
rates, sometimes below 200 beats/min, despite the 
lower requirement for cardiac output. The difference 
could be due to catecholamine induced short systole 
and rapid myocardial relaxation combined with 
increased venous return from the active leg muscles. 
The benefits of these mechanisms could be lost should 
myocardial ischaemia or ventricular failure occur. 
Thus an important factor in the ability of the study 
patients to sustain an adequate circulation and con- 
tinue exercising with high ventricular rates may be the 
low age of this group and the presumed absence of 
coronary artery disease. Tolerance of the high rates 
may also be impaired by drugs which prolong systole 
or otherwise exert a negative inotropic effect; this 
could outweigh the intended benefit of prolonging the 
refractory period of the accessory pathway. 

The haemodynamic tolerance may be a major factor 
determining the risk of ventricular fibrillation. In the 
context of the first aim of the study the tests were all 
negative, in that none of the patients had serious 
symptoms or ventricular arrhythmias in response to 
the atrial fibrillation. The patient whose collapse 
prompted the study developed no symptoms during 
the test but had a vasovagal faint in sinus rhythm after 
stopping exercise. It should not be concluded from 
these negative findings that exercise may not in some 
cases increase the risk from spontaneous atrial fibrilla- 
tion as the number of patients is low and the propor- 
tion of patients with Wolff-Parkinson-White syn- 
drome who have a dangerously short anterograde 
accessory pathway refractory period is quite small.? 

The wide variation between patients in the degree 
of rate increase was not related to age or the site of the 
pathway. Moreover, the compensatory haemo- 
dynamic responses are determined by several factors 
that are not readily predictable. Only testing the 
individual patient can, therefore, determine what 
additional risk, if any, exercise may entail for that 
patient. We found that the simple stimulation test 


during exercise was practicable and .rather' less ` 
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traumatic for the patient than the resting study, 
allowing us to incorporate it in our routine clinical 
investigation. Although the prognostic significance of 
the degree of rate increases with exercise is at present 
uncertain, the development of syncope or ventricular 
arrhythmias with this manoeuvre would indicate a 
need for medical or surgical intervention and a further 
test to check that the intervention was in fact 
successful. ^ | 

It is perhaps paradoxical that patients with elec- 
trocardiographic evidence of pre-excitation are gener- 
ally submitted to programmed stimulation studies 
only after they have suffered suspected tachycardias. 
In the case of orthodromic tachycardias our experi- 
ence suggests that the initiation usually depends on a 
premature atrial depolarisation conducted antero- 
gradely only via the atrioventricular node followed by 
retrograde conduction via the accessory pathway: this 
condition is more likely where the accessory pathway 
has a longer refractory period. In the case where the 
presenting tachycardia is atrial fibrillation, the 
patient’s survival has already shown a relatively low 
risk. It may thus be that patients with pre-excitation 
and no history of palpitation include some of those 
most at risk of sudden death. ` 
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Intravenous sotalol for the-treatment of atrial 
fibrillation and flutter after cardiopulmonary bypass 
Comparison with disopyramide and digoxin їп a 
randomised trial 


TERENCE J CAMPBELL, THOMAS P GAVAGHAN, JOHN J MORGAN 
From the Cardiovascular Unit, St Vincent's Hospital, Sydney, Australia 


SUMMARY The efficacy of sotalol in treating acute atrial fibrillation and flutter after open heart 
surgery was compared with that of a digoxin/disopyramide combination. Forty adult patients with 
postoperative atrial arrhythmias were randomised into either group 1 (sotalol 1 mg/kg bolus 
intravenously plus 0-2 mg/kg intravenously over 12 hours) or group 2 (digoxin 0-75 mg intraven- 
ously, then two hours later disopyramide 2 mg/kg intravenous bolus and 0-4 mg/kg/h intravenously 
for 10 hours). In each group, 17 out of 20 patients reverted to sinus or junctional rhythm within 12 
hours. The time to reversion in group 1 was significantly shorter than in group 2. Systolic blood 
pressure fell by 220 mm Hg or to <90 mm Hg during drug administration in 17 out of 20 patients 
in group 1 (sotalol withdrawn in two) and in none out of 20 in group 2. Two patients in group 1 
developed transient bradycardia (sotalol withdrawn in one). None of 17 patients in group 1 and two 
of 17 in group 2 relapsed temporarily into atrial fibrillation during the 12 hours of intravenous 
treatment. On continued oral treatment, one late relapse occurred in group 1 and five in group 2, 
and five patients in group 2 had disopyramide withdrawn because of anticholinergic side effects 
(acute urinary retention in four). 

Sotalol was as effective as the digoxin/disopyramide combination. and acted significantly faster. 
- Sensitivity to beta blockade in these patients may be related to high plasma catecholamine concent- 
rations known to occur after cardiopulmonary bypass. 


Supraventricular arrhythmias (usually atrial fibrilla- 
tion or flutter) are common in the first few days after 
open heart surgery, with reported incidences ranging 
from «2096 to >40%.'7> While a large proportion of 
these patients eventually return to sinus rhythm, they 
present an appreciable postoperative management 
problem. Treatment with digitalis alone is frequently 
associated with early reversion to sinus rhythm, but 
an appreciable number of such patients will remain in 
atrial fibrillation or flutter, often with a persistent 
rapid ventricular response,* for long periods. 

An earlier study in this institution, where the inci- 
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dence of these arrhythmias is 2596, showed a combi- 
nation of intravenous digoxin and disopyramide to be 
significantly more effective than digoxin alone in pro- 
ducing early return to sinus rhythm. This regimen 
has subsequently been used in over 200 patients with 
an overall reversion rate of 6096 at 14 hours and 9496 
at 10 days.$ The incidence of serious side effects 
(1996) prompted us to consider alternative drug 
treatment. 

Sotalol is a non-selective beta adrenergic blocking 
agent with the additional property of producing pro- 
nounced prolongation of the duration of the cardiac 
action potential (Vaughan Williams class III antiar- 
rhythmic action? 5). The aim of the present study was 
to compare the efficacy and side effects of sotalol with 
those of the digoxin/disopyramide combination in 
adult patients with acute atrial fibrillation or flutter 
after open heart surgery. 
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Sotalol in atrial arrhythmias 
Patients and methods 


All patients undergoing cardiac surgery during the 
period November 1983 to May 1984 who developed 


postoperative atrial arrhythmias with a ventricular ` 


rate of >120 beats/min were considered for the study. 
Criteria for exclusion were a history of glaucoma or 
asthma, severe renal impairment (serum creatinine 
concentration >0-24 mmol/l), preoperative atrial 
arrhythmias or ‘atrioventricular block (second or third 
degree), and the administration of any antiarrhythmic 
drug (including beta blockers and digitalis) in the 
previous 48 hours. 

If the arrhythmia persisted for at least 15 minutes 
eligible patients were then randomly assigned, by a 
sealed envelope system, to either of two groups. The 
patients in group 1 were given sotalol (Sotacor, 
Bristol-Myers) 1 mg/kg as an intravenous bolus and 
then a further 0-2 mg/kg intravenously, given as a 
continuous infusion in 5% dextrose, over 12 hours. 
Group 2 received digoxin 0-75 mg intravenously as a 
bolus. If they reverted to sinus rhythm within two 
hours they continued to receive digoxin 0-25 mg 
intravenously twice a day. If not, disopyramide 
2 mg/kg intravenously (maximum 150 mg) was then 


given over 10 minutes followed by an intravenous - 


infusion (in 5% dextrose) at 0-4 mg/kg/h for 10 hours. 
Written informed consent was obtained from patients 
allocated to group 1 but not from those in group 2 


since they were receiving the standard treatment for . 


such arrhythmias in this institution. 

Although the formal companson between the two 
treatment regimens ended after 12 hours of intraven- 
ous treatment, those patients in group 1 who reverted 
to sinus rhythm continued to take oral sotalol 160 mg 
twice daily for the rest of their stay in hospital and for 
two to three weeks after discharge. Similarly, patients 
who reverted with digoxin alone continued taking oral 


digoxin 0-25 mg/day, and those who reverted with the - 


digoxin/disopyramide combination continued taking 
oral digoxin 0-25 mg/day and disopyramide 150 mg 
four times a day. The treatment of patients whose 
arrhythmia persisted at 12 hours was at the discretion 
of the attending cardiologist and usually consisted of 
digoxin and either disopyramide or quinidine. 

Blood pressure was measured every one to two 
minutes for 10 minutes, then every 15 minutes for one 
hour, and then every hour for 12 hours. The elec- 
trocardiogram was monitored continuously on a 
Screen, and rhythm strips were recorded at the time of 
rhythm changes. Twelve lead electrocardiograms 
were recorded before and 12—24 hours after comple- 
Чоп of intravenous treatment. Patients receiving 
sotalol had blood collected for determining plasma 
concentrations of the drug at one hour and 12 hours. 
Assays of plasma disopyramide concentrations were 
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Table 1 Details of patents 
Group I Group 2 
No of pauents 20 20 
~ Male:female rano ~ 19.1 15.5 
Mean 80) аге (уг) 605 (91) 63-5 (5 2) 
Mean (SD) ume to onset of 
arrhythmua (hr)* 54 4 (16) 55 1 (277) 
Rato of atrial fibrillanon: 
amal flutter 19.1 191 
Меш (SD) таш systolic 
recur (nm H 114 (12) 112 (10) 
Mean (SD (SD) аа ventricular 
rate (езп а 163 (24) 158 (17) 
No taking beta blockers 
preoperatively 15 15 
ea cane coronary artery 
тап] 17 16 


Кү with preoperative ejection 
fracuon <0 50f 2 2 


*Estimated as time from start of cardiopulmonary bypass ull onset of 


, index arrhythmias. 


ег operauons— Group 1. two patients had coronary artery 
pass ting (CABG), plus caroud end «айапстесоту and one had 
ventriculomyotomy for hypertrophic omyopathy; group 2 one 
had CABG and caroud tomy, one aortic valve lacement, 
one repair of ruptured papillary muscle, and one repair 


-8ortic 


aneurysm 
At left ventriculography. 


not performed in all group 2 patients as the regimen 
used has been previously shown to produce concent- 
rations in the therapeuuc range in similar patients.? 


STATISTICAL ANALYSIS 

Unless otherwise stated, results are given as mean 
(standard deviation of the mean (SD)). Student’s 
t tests were used to test for significance of differences 
in reversion times and corrected QT intervals (QTc) 
before and after treatment. The x? test (using Yates’s 
correction factor) was used to test the significance of 
differences in relapse rates between the two groups. 


Results 


ANTIARRHYTHMIC EFFICACY 
Of 42 eligible patients, 22 were randomised to group 1 
and 20 to group 2. One of the group 1 patients refused 
consent and was given standard treatment (reverted to 
sinus rhythm after 72 hours), and one reverted spon- 
taneously to sinus rhythm before any sotalol was 
given. These two patients were excluded from the 
analysis. 

Table 1 shows the clinical details of the remaining 
40 patients. Sixteen of the 20 patients in group 1 


Table 2 Results 





Group 1 Group2 p value 
within 12 br 17 17 NS 
Mean (SD) time to 
Relapse wit 12 ч ^ 8 (68) 167 (164) «001 
wl 
Relapse beyond 12 hr 1 5} ibid 
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No of patients 





Duration of treatment (h) 


Figure Time course of reversion from amal fibrillation to sinus 
rhythm in patients treated with sotalol (group 1, n=20) and with 
а digoxinidisopyramide combination (group 2, n=20). One 
patient їп group 1 reverted first to junctional rhythm and then to 
sinus rhythm (see text). 


reverted to sinus rhythm, and one reverted to junc- 
tional rhythm (see below) during the 12 hours of 
intravenous sotalol treatment (Table 2). The times 
from starting the sotalol bolus infusion to reversion 
ranged from 5 to 225 (mean 58-8 (67-7)) minutes and 
included 12 patients who reverted within the first 
hour (Figure). Plasma concentrations of sotalol were 
908 (326) ng/ml at one hour and fell to 372 (154) ng/ 
mi at 12 hours. 

Of the three patients who failed to revert, only one 
received the full dose of sotalol. One patient (who had 
atrial flutter) was given only 40 mg of a planned 
84 mg bolus of sotalol, at which time his systolic 
blood pressure had fallen from 130 mm Hg to 
70 mm Hg, and the drug was withdrawn (see below). 
He was then given digoxin and disopyramide, and his 
systolic blood pressure returned to 130 mm Hg over 
the next two hours. The arrhythmia persisted for the 
next six days despite continued treatment with 
digoxin, disopyramide, and, later, quinidine, and he 
underwent DC cardioversion at that time. À second 
patent had received 50 mg of a planned 74 mg bolus 


Table 3 Major side effects 





Group 1 Group 2 
Hypotension* 17 0 
Brad; 2 0 
Ventricular tachycardia 0 1 
Unnary retenvon 0 4 
Drug withdrawn <12 br 3 0 
Drug withdrawn > 12 br 1 6 





*Defined as a fall in systolic blood pressure of at least 20 mm Hg or 
to «90 mm Hg. 
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of sotalol when his electrocardiographic monitor lead 
configuration was changed from standard lead I to 
lead П and ST segment elevation noted. Sotalol was 
withdrawn, although the ST elevation subsequently 
proved to be due to postoperative pericarditis. This 
patient was then given standard treatment and 
reverted to sinus rhythm during the disopyramide 
bolus infusion. The third patient remained in atrial 
fibrillation despite the full 12 hours of sotalol treat- 
ment. He returned to sinus rhythm three hours after 
starting oral digoxin. 

In group 2, 17 out of 20 patients reverted to sinus 
rhythm within 12 hours (Table 2). The times from 
digoxin bolus to reversion ranged from 5 to 450 (mean 
187-7 (164)) minutes and included five patients who 
returned to sinus rhythm within one hour (Figure). 
These times were significantly longer than those for 
group 1 (p«0-01) There were six patients who 
reverted with digoxin alone (at 38-0 (33-7) minutes 
after the digoxin bolus) and 11 who required the com- 
bination of digoxin and disopyramide (reverting 176:6 
(200) minutes after disopyramide). The three patients 
in group 2 whose arrhythmia persisted at 12 hours 
eventually reverted to sinus rhythm after 19 hours, 20 
hours, and 72 hours of continued treatment with 
digoxin and oral disopyramide. 

No patient in group 1 relapsed during the 12 hours 
of intravencus sotalol, but one who had returned to 
sinus rhythm four hours after starting sotalol 
relapsed 19 hours later. Sotalol was continued, and he 
reverted permanently to sinus rhythm after a further 
seven hours. A second patient in group 1 relapsed 13 
hours after sotalol had been withdrawn, after the 
development of junctional bradycardia (see below). 

Four patients who responded to digoxin alone 
relapsed 30 minutes to 57 hours later (Table 2). Three 
were then given disopyramide and one quinidine, and 
all returned quickly to sinus rhythm. Three patients 
(out of 11) who responded initially to digoxin plus 
disopyramide relapsed at 90 minutes, 30 hours, and 
32 hours. Two were restored to sinus rhythm soon 
after a further bolus of intravenous digoxin (0-25 mg), 
and the' third returned to sinus rhythm 30 minutes 
after starting oral quinidine. 


SIDE EFFECTS (TABLE 3) 

An appreciable fall in blood pressure was seen during 
the initial intravenous loading dose of sotalol in 18 out 
of 20 patients in group 1 (Table 3). In 17 of these, 
systolic blood pressure fell by at least 20 mm Hg or 
fell to 90 mm Hg systolic or lower. No patient 
developed symptoms attributable to hypotension, and 
in all but two cases (see below) the blood pressure 
returned towards pretreatment levels over one to two 
hours despite continued sotalol infusion. Sotalol was 
withdrawn because of this hypotensive response in 
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Sotalol in atrial arrhythmias 

two patients. One (who has been mentioned already) 
had received only 40 mg of a planned 84 mg bolus, by 
which time his systolic blood pressure had fallen from 
130 mm Hg to 70 mm Hg and sotalol was withdrawn. 
The blood pressure returned to 130 mm Hg over the 
next two hours. The other patient had sotalol with- 
drawn after 12 hours, during which his systolic blood 
pressure, which had been 100 mm Hg before treat- 
ment, remained 80-85 mm Hg. 

Two patients developed bradycardia during 
intravenous sotalol administration. One reverted from 
atrial fibrillation with a very rapid ventricular rate of 
> 250 beats/min into a junctional bradycardia (50 
beats/min) after receiving 50 mg of a projected 90 mg 
bolus of sotalol. He remained asymptomatic, but 
sotalol was withdrawn. The junctional rhythm per- 
sisted for a further 12 hours, by which time the rate 
was 90 beats/min. Atrial fibrillation then returned and 
remained for a further nine hours, during which time 
1 mg of intravenous digoxin was given before sinus 
rhythm was finally restored. Unfortunately, during 
this second period of atrial fibrillation the patient 
developed a right hemiparesis of very sudden onset, 
which proved to be permanent. The second patient 
reverted to sinus rhythm during the bolus (64 mg) of 
sotalol but showed several asymptomatic periods of 
sinus arrest, lasting up to three seconds, over the 
ensuing 30 minutes. Stable sinus rhythm then 
returned at a rate of 75 beats/min. Sotalol was not 
withdrawn, and no further complications were seen. 

Sotalol was withdrawn in a fourth patient (who has 
already been reported) when ST segment elevation, 
later found to be due to pericarditis, was noted during 
the bolus injection. No other complications were 
experienced with sotalol. 

There were no appreciable side effects in group 2 
patients during the 12 hours of intravenous treatment. 
There was a statistically significant fall in systolic 
blood pressure in those 14 patients who received diso- 
pyramide (from 113(11) mm Hg to 107(12) mm Hg; 
p < 0-05), but in no case was a fall of > 15 mm Hg 
recorded. Five patients had disopyramide withdrawn 
after six to 72 hours of oral treatment because of anti- 
cholinergic side effects (acute urinary retention in 
four, dry mouth in one). One patient who reverted to 
sinus rhythm 20 hours after starting disopyramide 
had an episode of sustained ventricular tachycardia 
requiring electrical cardioversion after a further seven 
hours of oral disopyramide. This arrhythmia did not 
resemble torsade de pointes, nor was there abnormal 
prolongation of the QT interval on the electrocardiog- 
ram. Disopyramide was, however, withdrawn, and 
there was no recurrence of ventricular arrhythmia. 

The corrected QT interval (QTc) was prolonged by 
both disopyramide and sotalol. The value of this 
interval increased from 0-43(0-05) to 0-47(0-03) (p « 
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0-01) in the 16 group 1 patients who received sotalol 
for at least 24 hours. Those receiving disopyramide 
showed a less pronounced increase in QTc from 
0-42(0-02) to 0-44(0-04) (p « 0-01; п= 15). The longest 
QTc interval measured was 0:51 (п a group 1 
patient). 


Discussion 


There are several reasons for supposing that sotalol 
might be an effective agent for reversion of postopera- 
tive atrial tachyarrhythmias. As a non-selective beta 
blocker it would be expected to have some antiar- 
rhythmic potential and would tend to slow atnoven- 
tricular conduction rather than enhance it, a potential 
danger with disopyramide.? More importantly, 
sotalol, uniquely among beta blockers, possesses a 
potent class III antiarrhythmic action? and has shown 
considerable antiarrhythmic efficacy in several 
studies. 10-12 

In this randomised trial, treatment with sotalol 
proved to be as effective as the digoxin/disopyramide 
combination in returning patients to sinus rhythm. 
Furthermore, it acted significantly more quickly and 
was associated with fewer relapses during the follow 
up period. The reversion rate of 17 out of 20 (85%) 
patients after 12 hours of digoxin/disopyramide was 
higher than the 60% at 14 hours previously observed 
by us in a much larger group of patients.5 The inci- 
dence of side effects requiring drug withdrawal (5/20) 
was similar to our previous experience, although all 
these events occurred after the 12 hour period of 
intravenous treatment, as did five of the seven 
relapses observed. Side effects, particularly hypoten- 
sion, were, unfortunately, a major drawback with 
sotalol too, and warrant futher discussion. 

Sotalol has been given intravenously in similar 
doses to other groups of patients without reports of 
such effects on blood pressure.!? It is known, how- 
ever, that serum concentrations of adrenaline and 
noradrenaline rise appreciably at the time of open heart 
surgery and remain high for two to three days post- 
operatively.!? Furthermore, a recent animal study has 
shown activation of the sympathoadrenal system, 
leading to a pronounced increase in plasma 
catecholamine concentrations during experimentally 
induced atrial fibrillation.!^ It is possible that these 
phenomena make such patients peculiarly susceptible 
to the acute hypotensive effects of beta blockade. 
Whatever the cause of the hypotension, simply reduc- 
ing the dosage of sotalol is unlikely to remove the 
problem, as pronounced falls in blood pressure were 
routinely observed within two to three minutes of 
starting the bolus dose (given over 10 minutes). A 
possible alternative approach would be to give the 
same loading dose as an infusion over one hour rather 
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than as a bolus. Given the long plasma half life of 
sotalol!5 this would be unlikely to lead to appreciably 
lower plasma drug concentrations at steady state. 

Finally, the serum sotalol concentrations obtained 
were lower than those reported in other studies both 
of short term intravenous and long term oral 
administration.!! !? They were all within the range 
regarded as producing beta blockade but generally at 
the lower end of the range of concentrations found to 
produce a pronounced class III effect.!'6 The first 
measurement of sotalol concentration was not, how- 
ever, made until one hour after the administratien of 
the bolus, by which time 12 out of 17 reversions had 
already occurred. Considerably higher blood concent- 
rations of the drug were probably achieved in the 10 
to 20 minutes immediately after the bolus dose. 


We thank Mr J Ray for performing the plasma sotalol 
assays. 
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Factors relating to the development of hypertension 
after cardiopulmonary bypass 
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SUMMARY Paroxysmal hypertension after cardiac surgery is а phenomenon of physiological and 
clinical significance. The possible preoperative and intraoperative factors that may predict its 
occurrence were studied in 81 consecutive patients undergoing coronary artery surgery (n—58) or 
valve replacement (n 27), of whom 45 (56%) developed postoperative hypertension. Hypertension 
occurred significantly more often in those patients who received beta adrenergic blocking agents 
preoperatively and who underwent coronary artery surgery. Patients with hypertension had 
significantly higher mean left ventricular ejection fractions preoperatively (5296) than those without 
(4196) and required phentolamine significantly more often and isoprenaline significantly less often 
intraoperatively. 

It is suggested that the significance of preoperative beta adrenergic blockade, the type of 
operation, and the intraoperative requirement for phentolamine in patients who developed post- 
operative hypertension may indicate the role of enhanced sympathetic activity and disturbance of 
cardiac receptors during surgery. Preoperative myocardial performance and the method of 
myocardial protection during surgery are likely to influence the occurrence of the hypertensive 


phenomenon. 


Early postoperative hypertension complicating coro- 
nary artery surgery is well recognised with a reported 
incidence of 30-60%.'~3 The hypertensive episode 
usually develops within an hour of cardiopulmonary 
bypass, is well established by the time the patient 
returns to the intensive care unit, and if untreated 
persists despite adequate analgesia for 6-8 hours. The 
associated hazards are considerable, including 
increase in myocardial oxygen consumption, cere- 
brovascular accidents, and the risk of suture line dis- 
ruption. Haemodynamic studies show that hyperten- 
sion after cardiopulmonary bypass is due to increased 
systemic vascular resistance with practically unaltered 
cardiac output, * and that cardiac reflexes,5 the sym- 
pathetic nervous system,? the renin-angiotensin ахіѕ,6 
and vasopressin? may be implicated in this peripheral 
vasoconstriction. The hypertension responds to vas- 
odilator agents, but a fuller understanding of its cause 
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may depend on identification of predisposing factors. 
The purpose of this study was to determine whether 
certain preoperative and intraoperative factors are 
predictive of hypertension after cardiopulmonary 
bypass. 


Patients and methods 


Eighty one consecutive patients (69 men and 12 
women) scheduled for coronary artery surgery or 
valve replacement were studied prospectively over a 
three month period in 1983. Of these, 54 patients 
underwent coronary artery surgery, 23 valve replace- 
ment, and four both. 

A past history of hypertension was noted, and cur- 
rent medications including beta adrenergic blocking 
agents and nifedipine were continued preoperatively. 
These medications were given until 6-10 hours before 
operation. In 39 patients the left ventricular ejection 
fraction was determined preoperatively by radionuc- 
lide gated acquisition scan. 


SURGICAL PROCEDURE 
All patients.received diazepam (10 mg) two hours 
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Table 1 Preoperative clinical characteristics and intraoperative variables 1n patients with and without hypertension after 
cardiopulmonary bypass 


Without Wih p value] 
Characteristics 
No of patients 36 45 
Mean (SEM) age (yr) 54 (2) 55 (2) NS 
Mean (SEM) ejection fraction (%) 41 (3) 52 (3) <005 
No (%) of patients with- 
of hypertension 12 (27) NS 
Beta b treatment 15 (42 30 20-05 
Nifedipine treatment 15 (4 16 (3 NS 
Variables 
Mean ERE ваше (1) 20 (0-1) 2-2 (0-1) NS 
Mean (S total b ume (min) 95 (4 95 (4 NS 
Mean (S cross (min) 48 (4 54 NS 
Mean (SE % fall in cell volume* 27 (1 27 (1 NS 
Mean (S. no of 2:7 (02) 2-5 (0 2) NS 
No (%) of patients given: 
tolamine 6 (17) 20 о =0-05 
Isoprenaline 21 (58) 9( =0-05 
Metaraminol 4(11) 4 " NS 
Phenylephrine 3(8) 8 (18) NS 


*Percentage fall in preoperative 
TFisher's exact test (two tail) or Student's г test. 


preoperatively with papavaretum (0-3 mg/kg) and 
scopolamine (0-4 mg) as premedication. Anaesthetic 
induction was with thiopentone (2-5 mg/kg), 
papavaretum (0:3 mg/kg), and pancuronium (0-15 
mg/kg). Subsequent anaesthesia was maintained with 
5096 nitrous oxide and oxygen, intravenous boluses of 
papavarerum and lorazepam, ог  alphaxalone- 
alphadolone acetate by infusion. Radial artery and 
‚ internal jugular catheters were inserted after induc- 
tion of anaesthesia. During cardiopulmonary bypass 
metaraminol (0-5-1 mg) or phenylephrine (0-2-1 mg) 
were given if perfusion pressure was persistently 
below 50 mm Hg at a pump flow of 2-4 l/min per m?. 
Rises in systemic pressure in the latter phase of bypass 
were controlled by intravenous boluses of phen- 
tolamine (1-5 mg). After bypass isoprenaline was 
given if systolic pressure fell below 80 mm Hg. 

Two surgeons and one perfusionist were involved 
throughout the study, and pulsatile cardiopulmonary 
bypass was achieved in all cases with Stockert or 
Gambro roller pumps and a Bentley SpiraFlo 
oxygenator. The bypass pump was primed with a 
measured volume of Hartmann’s sodium lactate solu- 
tion. Moderate systemic hypothermia (27-31?C) was 
used with intermittent introduction of cold hyper- 
kalaemic cardioplegia solution into the aortic root and 
topical cold saline into the pericardial sac. Arterial 
blood gases, electrolyte concentrations, and packed 
cell volume were measured at hourly intervals. Table 
І gives the preoperative and intraoperative variables 
recorded for analysis. 


POSTOPERATIVE PROCEDURE 


On transfer to the intensive care unit all patients were, 


cell volume at onset of cardiopulmonary bypass. 


ventilated to normocarbia. Regular arterial blood 
sampling and continuous arterial and central venous 
pressure monitoring were performed. Central venous 
pressure was maintained with transfusion of blood or 
plasma at a predetermined level assessed intraopera- 
tively. A bolus dose of papavaretum (10 mg intraven- 
ously) was given within 10 minutes of return to the 
intensive care unit provided that systolic blood pres- 
sue was >90 mm Hg. If systolic pressure was persis- 
tently >140 mm Hg over the next 10 minutes sodium 
nitroprusside was infused at an initial rate of 1 ug/kg/ 
min. The infusion rate-of nitroprusside was adjusted 
to maintain systolic pressure at 140 mm Hg. The total 
dose of nitroprusside given was recorded. 


STATISTICAL ANALYSIS ` 

Statistical analysis of data was performed using 
Fisher’s exact test (two tail) or Student's г test for 
unpaired data. Data are expressed either as percen- 
tages or as mean values (standard error of the mean). 


Results 


Of the 81 patients, 45 (56%) fulfilled the criteria for 
hypotensive treatment according to the study pro- 
tocol, with mean systolic and diastolic blood pressure 
at 10 minutes after sedation of 158 (3) and 95 (2) mm 
Hg. Hypertension was significantly more likely to 
occur after coronary artery surgery than after valve 
replacement - (37/58 patients. vs. 1027, p=0-05) 
(Table 2). 

An analysis of preoperative data showed no 
significant difference between the postoperatively 


hypertensive and normotensive patients;with. regard... . 
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Table 2 Charactaristics ташта t0 developtier of hypertension кр mech: dose гетата ойлен ирде afte: 











cardiopulmonary bypass 
бону 52м blood pressure Patents ший Mean (SEM) Total dose of 
тт fraction sodium muroprusnde 
bees qv (mike) 
Systohe Daastohc ———— 
No 96 
Patients with hypertension 158 e 95 (2) 
Patients without hypertension 120 (3) 75 (2) 
Type of surgery: ] 
bypass graft 37 64* 47 (3) 156 (0 32) 
Valve Б АЕ, 10 37* 44 (6) 267 (09) 
Beta adrenergic blockade: 
Present 159 (029) 
Absent 2-34 (0-64 
Preoperative hypertension: 
Present 2 43 (0-86) 
Absent 1-65 (03) 
*р = 005. 


to age, history of hypertension, or nifedipine treat- 
ment (Table 1). Preoperative beta adrenergic block- 
ade, however, was associated with a significantly 
higher incidence of hypertension after cardiopulmo- 
nary bypass (p=0-05). The left ventricular ejection 
fraction, assessed preoperatively in 39 patients by 
gated acquisition scan, was significantly lower in those 
who remained normotensive postoperatively (п= 19) 
than in the 20 patients who developed hypertension 
(p<0-05). The preoperative ejection fraction did not 
differ significantly between patients undergoing coro- 
nary artery surgery or valve replacement (Table 2). 

Hypertensive and non-hypertensive groups were 
compared for prime volume, total bypass time, cross 
clamp time, percentage fall in packed cell volume at 
the onset of cardiopulmonary bypass, and number of 
coronary arteries grafted. No significant correlation 
was observed for the development of hypertension 
with any of these factors (Table 1). The administra- 
tion of phentolamine during surgery was more com- 
mon in patients who became hypertensive postopera- 
tively (p=0-05), whereas isoprenaline was used more 
frequently in patients who did not become hyperten- 
sive (p<0-05). Other intraoperative treatments did 
not differ between the two groups. 

In the hypertensive group the total dose of sodium 
nitroprusside required to control the hypertensive 
episode tended to be larger in those patients who had 
a past history of hypertension, who did not have 
preoperative beta adrenergic blockade, and in those 
who had undergone valve surgery (Table 2). These 
observations, however, did not reach statistical 


significance. 
Discussion 


The mechanisms of hypertension after cardiopulmo- 
nary bypass have been inconclusively investigated. 


Increased systemic vascular resistance with normal 
cardiac output is characteristic of the haemodynamic 
profile.^5? It is known that certain cardiac reflexes,!9 
the sympathoadrenal system, and the renin- 
angiotensin axis can cause pronounced peripheral 
vasoconstriction. In some studies of coronary artery 
surgery, postoperative hypertension has been associ- 
ated with the severity of coronary artery disease,’ 8 
normality of preoperative angiography,5 preoperative 
beta adrenergic blockade,!! history of hypertension? 
and the number of vein grafts.8 The latter two factors 
were not found to be of importance in this study. An 
important finding was the lower incidence of hyper- 
tension after valve surgery. 

Patients who did not become hypertensive post- 
operatively had a significantly lower ejection fraction 
preoperatively than hypertensive patients (p<0-05). 
Furthermore, the non-hypertensive patients had a 
significantly greater requirement for isoprenaline after 
cardiopulmonary bypass (p<0-05). In a study of 28 
patients undergoing coronary artery surgery hyper- 
tension was reported to occur more often in patients 
with normal preoperative angiography. These 
findings suggest that preoperative myocardial perfor- 
mance is critical to the development of postoperative 
hypertension, provided that myocardial protection 
during surgery is adequate. A lower incidence of 
hypertension in previous reports!?!? may represent 
either poorer preoperative myocardial performance or 
poorer methods of myocardial protection. Moderate 
systemic hypothermia with intermittent introduction 
of cold cardioplegia preserves myocardial perfor- 
mance,!? affording better protection than either 
hypothermic ischaemic arrest, intermittent anoxic 
arrest, or single dose cardioplegia. 

The difference in incidence of hypertension accord- 
ing to the type of operation may be related to sym- 
pathetic reflexes originating from the heart, great ves- 
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sels, or coronary arteries. Cardiac reflexes with spinal 
sympathetic afferent input that are predominantly 
pressor in nature have been identified.!^ Efferent 
sympathetic activity producing peripheral vaso- 
constriction is further observed in the cardiogenic 
hypertensive chemoreflex!? in response to stimulation 
of chemoreceptors in the vicinity of the left coronary 
artery. Surgical interference with the heart, great 
vessels, and coronary arteries may stimulate the 
reflexes, particularly during coronary artery surgery. 

In favour of a reflex mechanism for hypertension 
after cardiopulmonary bypass is the paroxysmal 
nature of the hypertension and the temporal relation 
of increasing systemic vascular resistance with cardiac 
manipulation. Systemic vascular resistance increases 
in parallel with rises in plasma noradrenaline concent- 
ration during bypass? and aortic cross clamping,!5 
and both rise to a significantly greater extent in 
patients who become hypertensive postoperatively.5 
The major fraction of circulating noradrenaline is 
derived from innervation of vascular smooth mus- 
cle.15 In our study patients who became hypertensive 
postoperatively required phentolamine, an alpha 
adrenergic antagonist, significantly more often during 
bypass (p=0-05), presumably because of increasing 
systemic vascular resistance. À profound sympathetic 
stimulus in the heart during bypass is further sug- 
gested by the observation that coronary sinus blood 
contains a higher concentration of noradrenaline that 
arterial blood immediately after cardiac reperfusion.'5 

The sympathetic nervous system may be stimulated 
by a variety of other influences in the perioperative 
period including hypothermia,!? hypotension, altera- 
tions in the flow pattern,!® and haemodilution.!? 
Haemodilution may reduce the depth of intravenous 
anaesthesia on bypass and reduces blood viscosity. !? 
Hypertensive and non-hypertensive patients cannot, 
however, be differentiated on the basis of hypother- 
mia within the small range of operating temperatures 
in this study. Furthermore, the lack of correlation 
with total bypass ume, volume of prime, and fall in 
packed cell volume mitigates against the putative con- 
tribution of flow changes, hypotension, and 
haemodilution in influencing systemic vascular resis- 
tance. 

Patients who received preoperative beta adrenergic 
blockade were significantly more likely to develop 
hypertension after cardiopulmonary bypass (p=0-05). 
In the presence of persistent beta adrenergic block- 
ade, adrenergic stimulation may result in unopposed 
alpha adrenergic activity. The response of peripheral 
vasodilatation mediated by beta adrenergic receptors 
is blocked and peripheral vasoconstriction is likely. 
After withdrawal of propranolol serum and tissue 
concentrations take at least 48 hours to fall sufficiently 
to allow a normal response to pharmacological beta 
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adrenergic stimulation.???! In a study in which 14 of 
15 patients receiving propranolol before coronary 
artery surgery became hypertensive, a significant cor- 
relation was found between postoperative serum 
propranolol concentrations and dose requirement for 
sodium nitroprusside.!! In the present study, hyper- 
tensive patients who received preoperative beta 
adrenergic blockade tended to require a higher total 
dose of nitroprusside, although the difference was not 
significant. 

The renin-angiotensin axis is activated by non- 
pulsatile renal perfusion,?? but evidence for its activa- 
tion during cardiopulmonary bypass is conflict- 
ing.?2324 Renin may initiate hypertension through 
formation of angiotensin II, which is a potent pressor 
agent, or it may potentiate the vasoconstrictor effect 
of catecholamines in sustaining hypertension.*5 Renin 
secretion is known to occur in response to sympathe- 
tic stimulation, mediated by beta adrenergic recep- 
tors.26 Plasma renin activity is depressed during beta 
adrenergic blockade and remains so for 12 hours after 
withdrawal of the агив.27 Subsequent values for 
plasma renin activity show a rebound rise persisting 
for more than 72 hours in conjunction with a non- 
significant rise in blood pressure.?’ It is not surprising 
that the role of the renin-angiotensin axis in hyperten- 
sion after cardiopulmonary bypass hypertension is 
confused and probably diminished in circumstances 
of persistent beta adrenergic blockade. 

A possible mechanism for hypertension after car- 
diopulmonary bypass is that of disturbance of cardiac 
receptors causing increased sympathetic nervous sys- 
tem tone. This is more likely to result in increased 
systemic vascular resistance in the presence of persis- 
tent beta adrenergic blockade. Further study is 
needed to identify critical surgical influences that 
trigger cardiac reflexes. An analysis of preoperative 
data indicates that myocardial performance is con- 
tributory to the hypertension. An increased incidence 
of the hypertensive phenomenon may represent 
improved myocardial protection during cardiopulmo- 
nary bypass. 
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Effect of beta, selective adrenoceptor blockade on 
physiological response to exercise 
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SUMMARY The effect of the beta, selective adrenoceptor blocker, atenolol, on the physiological 
response to exercise was studied in 12 healthy young men. Oral atenolol (100 mg) and placebo were 
administered in a randomised double blind crossover fashion an hour and a half before an intermit- 
tent multistage cycle ergometer exercise test. At maximal effort oxygen consumption, pulmonary 
ventilation, carbon dioxide output, and respiratory exchange ratio were not modified by atenolol. In 
contrast, maximal heart rate and performance time were significantly reduced after atenolol. 
Nevertheless, because the relation of percentage of maximal oxygen consumption to percentage of 
maximal heart rate was not changed by atenolol both the absolute and relative oxygen consumption 
corresponding to 7096 and 8596 of the maximal heart rate remained unaltered. 

These data suggest that recommendations of exercise intensity may be determined on the basis of 
a calculated percentage of the predetermined maximal heart rate in persons without symptomatic 


coronary heart disease receiving beta, selective adrenoceptor blockers. 


Beta adrenoceptor blocking drugs constitute a major 
advance in cardiovascular therapeutics. Their clinical 
use in appropriately selected patients with hyperten- 
sion and angina pectoris is well established.!? Fur- 
thermore, recent data indicate that treatment with 
beta adrenoceptor blockers can reduce mortality in 
the early years after myocardial infarction. Exercise 
conditioning has emerged as an important therapeutic 
factor in the management of these same diseases.* 5 
Nevertheless, despite the now common practice of 
prescribing a programme of formal exercise training 
for patients receiving beta adrenoceptor blockers 
limited information is available concerning the poss- 
ible influence of these agents on the currently 
accepted principles of exercise intensity prescription. 
In fact, a review of published reports shows only two 
substantial studies,$? both of which require further 
amplification to delineate the precise effect of beta 
adrenoceptor blockade on the physiological response 
to exercise. Moreover, although recent research 
findings suggest an advantage for the use of beta, 
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selective adrenoceptor blockers in patients receiving 
beta adrenoceptor blockade treatment who participate 
in endurance exercise, ? the two earlier studies inves- 
tigated non-selective beta adrenoceptor blockade 
alone. 

To clarify the situation further we examined the 
effect of the beta, selective adrenoceptor blocker, 
atenolol, on exercise physiology in 12 healthy young 
шеп. 


Subjects and methods 


Twelve healthy, young adult male Caucasians served 
as subjects, All were volunteers, and informed con- 
sent was abtained before the study. The physical 
characteristics of the subjects included: age 21 (1-2) 
years (mean (standard deviation)); height 176 (5) cm; 
body weight 76-26 (6-5) kg; and body fat 14-1 (2-1)%. 
Each subject gave a clinical history and underwent 
physical examination, resting and maximal dynamic 
exercise electrocardiography, pulmonary function 
tests, serum electrolytes, blood urea nitrogen, and 
fasting blood glucose measurements, liver function 
tests, and full blood count, all of which were normal. 
None of the subjects was taking medication. 
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Atenolol and exercise prescription 


The trial was conducted in a randomised double 
blind crossover fashion. Each subject received 
atenolol (tenormin 100 mg) or placebo as a single oral 
dose an hour and a half before upright exercise per- 
formed on a calibrated cycle ergometer (Monark). 
The selection of a single oral dose was based on the 
observation that a significant difference was not evi- 
dent in healthy subjects for submaximal or maximal 
exercise performance in response to beta adrenoceptor 
blockers given as a single dose or as twice daily doses 
for four weeks.!? Tests were conducted in a controlled 
environment with a temperature of 20°C dry bulb and 
relative humidity of 55% and were held at least one 
week apart. 

All subjects were given an initial familiarisation 
trial. On study days meals, tea, coffee, cola beverages, 
and cigarettes were avoided for at least three hours 
before exercise. Before exercise subjects rested for one 
hour in a comfortable environment. After a four 
minute warm up at 60 W, the subjects participated in 
a discontinuous graded exercise test. Subjects started 
cycling at.a work rate of 90 W, the pedal frequency 
being 60 rpm. The pedal frequency remained con- 
stant and the workload was increased by 30 W with 
each successive three minute exercise period until the 
pedal frequency could not be maintained. Subjects 
rested for three minutes between exercise periods. 
Since initial workload was the same with placebo and 
atenolol treatment performance time could be meas- 
ured. Ventilatory variables were measured over the 
final minute of each work period. Subjects exhaled 
through a Hans Rudolph valve into meteorological bal- 
loons. The expired gas volume was determined in a 
Warren E Collins chain compensated spirometer, and 
the oxygen and carbon dioxide contents determined 
on a portion of the expired gas volume. The gas con- 
centrations were measured with an Applied Elec- 
trochemistry S-3A oxygen analyser and a Gould 
Godart Capnograph Mark II carbon dioxide analyser. 
Heart rate was calculated from electrocardiograms 
(CM5 placement) obtained during the final 15 seconds 
of each workload using a Hellige Multiscriptor EK-33 
electrocardiograph, the chart rate being 25 mm/s. 
Peak heart rate and oxygen consumption attained dur- 
ing exercise were taken as maximal heart rate and 
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maximal oxygen consumption respectively. Indi- 
vidual and group regression equations relating the 
percentage of maximal oxygen consumption to the 
percentage of maximal heart rate were calculated, 
using standard linear regression analysis, with and 
without beta adrenoceptor blockade. The percentage 
of the maximal oxygen consumption and the absolute 
oxygen consumption were determined from the 
derived individual regression equations for 7096 and 
8596 of the maximal heart rate with and without 
atenolol treatment. 

The significance of differences between experimen- 
tal variables was analysed using a paired t test. Statis- 
tical significance was established at the 0-05 confi- 
dence level. 


Results 


Table 1 shows the effect of atenolol on cardiorespirat- 
ory variables at maximal exercise and exercise per- 
formance. Maximal oxygen consumption, pulmonary 
ventilation, carbon dioxide output, and respiratory 
exchange ratio were not significantly altered by beta 
adrenoceptor blockade. Maximal heart rate was, how- 
ever, reduced by 23-196 (р<0.001) and cycle ergome- 
ter performance time by 4-296 (р<0-05) after treat- 
ment with atenolol. 

Despite the considerable negative chronotropic 
effect of atenolol during exercise, the relation of per- 
centage of maximal oxygen consumption to percen- 
tage of maximal heart rate was not modified (Figure) 
during beta adrenoceptor blockade in the present 
study. Likewise, both the relative and absolute 
oxygen consumptions for 7096 and 8596 of the maxi- 
mal heart rate were unaltered by atenolol (Table 2). 


Discussion 


Whereas some researchers have reported a decrease in 
maximal oxygen consumption after beta adrenoceptor 
blockade,!!7!3 others have not found such an 
effect.!4-16 Recently, Tesch and Kaiser attributed 
this inconsistency to differences in test subject selec- 
tion, and their findings with the non-selective beta 
adrenoceptor blocker propranolol indicated that a 


Table Effect of atenolol during maximal exercise on cardiorespiratory variables and exercise performance. Figures are mean (SD) 
values (n—12) 


Placebo 
tion (l/min) 3-43 (0-37) 
Pulmonary ventilation (l/min) 104 0 (12-9) 
Carbon dioxide producion (l/min) 3 87 (0-48) 
tory 1-14 (0 04) 
Heart rate Tossa) 99 
erformance time (min) 20 25 (3-07) 


*p<0-001; tp<0-05 





Atenolol % Change 
3-36 (0 36) 2 

103-7 (12-9 03 

3-85 (04 05 

1 15 (0-05 09 

153 (11) 23.1* 
19-4 (2-41) 42t 
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Figure Effect of atenolol on the relanon of percentage of 
maximal oxygen consumption to percentage of maximal heart rate 
in 12 healthy subjects. Regression lines together with 95% 
confidence limits are shown for placebo (sohd hnes) and atenolol 
(broken hnes). The ions for the regression lines are: 
placebo—9 =1-32x-36 (r=0-95); atenolol—y =1-40x-42 
(r=0-95), where y 15 the percentage of maximal oxygen 
consumption and x the percentage of maximal heart rate. 


significant reduction in maximal oxygen consumption 
could be expected in physically active men after 
pharmacological blockade of beta adrenoceptors.!! In 
the present study, however, maximal oxygen con- 
sumption was essentially unaltered by atenolol. We 
suggest that this seemingly conflicting observation can 
be ascribed to differences between beta, selective and 
non-selective beta adrenoceptor blockade? and to our 
use of an intermittent test protocol. Regarding the 
latter, the fatiguing effect of beta adrenoceptor block- 
ade? ? might prevent subjects from attaining their true 
maximal oxygen consumption during exercise testing, 
а response which is likely to be lessened by the use of 
an intermittent as opposed to continuous test pro- 
tocol. 


At present it is widely accepted that endurance 
conditioning performed at 70% to 8596 of the pre- 
determined maximal heart rate will yield. the exercise 
intensity needed for the stimulation of a physiological 
training effect.5 17 18 Our study shows that, although 
the reduction in maximal heart rate is considerable 
during beta adrenoceptor blockade, atenolol does not 
alter the relation of percentage of maximal oxygen 
consumption to percentage of maximal heart rate in 
healthy subjects. Furthermore, because the maximal 
oxygen consumption was not reduced by atenolol in 
our study the absolute as well as the relative oxygen 
consumption corresponding to 7096 and 8596 of the 
maximal heart rate were not significantly modified. 
Thus, although our finding cannot be extrapolated to 
patients with coronary heart disease whose exercise is 
limited by angina pectoris, the present data suggest 
that exercise intensity may be determined by using a 
calculated rercentage of the predetermined maximal 
heart rate and should yield the expected relative and 
absolute exercise intensity in physically active patients 
with hypertension or asymptomatic coronary heart 
disease treated with beta, selective adrenoceptor 
blockers. In addition, since beta adrenoceptor block- 
ade appears to exert its greatest effect on the car- 
diorespiratory response to exercise in young physi- 
cally active subjects!! the present finding is also likely 
to be applicable to older less active patients. 

Previously, Hossack et af and Pollock and Foster 
investigated the effect of propranolol on exercise 
training programmes in subjects with® and without? 
coronary heart disease respectively. Both groups 
reached a similar conclusion to that of the present 
study regarding relative exercise intensity prescrip- 
tion, but no data were presented for the absolute 
oxygen consumption corresponding to a specific heart 
rate range. Although a note of caution is appropriate 
concerning a further interpretation of their findings, it 
does appear on analysis of their results$? 19 that dur- 
ing propranolol treatment the absolute exercise inten- 
sity for a given percentage of the maximal heart rate 
is, in contrast to our findings with atenolol in healthy 
subjects, essentially unchanged or increased in 


Table 2 Effect of atenolol on absolute and relative oxygen consumpnon for 70% and 85% maximal heart rate, Figures are mean 


(SD) values (n=12) 











Placebo Atenolol % Change 
70% maximal heart rate: 
Heart rate (beats/min) — 139 (5 07 e 23* 
Oxygen consumption (min) 1-86 t 35) 1-79 9 38) 3-8 
maximal oxygen consumption 53-9 (6-5) 53.0 (7-5) 17 
8596 maximal heart rate: 
Heart rate (beats/min) — 169 (6) 130 (10) 23-1* 
л consumption (Vmin) 2-59 (0 36) 2-59 Lu 0 
% maximal consumption 753 (45) 77-0 (5) 23 


Atenolol and exercise prescription 


patients with coronary heart disease (depending on 
the precise cardiac status) and decreased in healthy 
subjects. This observation may be of clinical as well as 
scientific importance. The interaction of exercise con- 
ditioning and beta adrenoceptor blockade is presently 
controversial in that patients with coronary heart dis- 
ease seem capable of deriving a pronounced training 
еЌест,20- 22 whereas the training effect appears to be 
significantly attenuated with non-selective but not 
beta, selective beta adrenoceptor blockade in healthy 
subjects. While it is commonly believed that the 
magnitude of the physiological adaptation to exercise 
training is dependent on the relative rather than the 
absolute exercise intensity," this might not be 
entirely true for a given subject with and without beta 
adrenoceptor blockade. We speculate that the differ- 
ent training ‘responses in subjects receiving beta, 
selective and non-selective beta adrenoceptor blockers 
and with a different cardiac status might be partly 
related to the differing effect of these variables on the 
absolute exercise intensity corresponding to a specific 
percentage of the maximal heart rate. 


This study was supported by grants from ICI (South 
Africa) and Execucare Preventive Fitness Mainte- 
nance. 


References 


1 Thadani U. Beta blockers in hypertension. Am F Cardiol 
1983; 52: 10D-5D. 

2 Frishman WH. Multifactorial actions of beta-adrenergic 
blocking drugs in ischemic heart disease: current con- 
cepts. Circulation 1983; 67 (suppl 1): 11-8. 

3 Beta-Blocker Heart Attack Trial Research Group. А ran- 
domized trial of propranolol in patients with acute 
myocardial infarction. I. Mortality results. JAMA 1982; 
247: 1707-14. 

4 Choquette G, Ferguson RJ. Blood pressure reduction in 
“borderline” hypertensives following physical training. 
Can Med Assoc F 1973; 108: 699-703. 

5 Clausen JP. Circulatory adjustments to dynamic exercise 
and effect of physical training in normal subjects and ın 
patients with coronary artery disease. Prog Cardiovasc 
Dis 1976; 18: 459-95. 

6 Hossack KF, Bruce RA, Clarke LJ. Influence of pro- 
pranolol on exercise prescription of training heart rates. 
Cardiology 1980; 65; 47—58. 

7 Pollock ML, Foster C. Exercise prescription for par- 
ticipants on propranolol [Abstract]. ў Am Coll Cardiol 
1983; 1: 624. 

8 Lundborg P, Ástrom H, Bengtsson C, et al. Effect of 
beta-adrenoceptor blockade on exercise performance and 


99 


metabolism. Clin Sci 1981; 61: 299-305. 

9 Kaiser P, Rossner S, Karlsson J. Effects of beta- 
adrenergic blockade on endurance and short-time per- 
formance in respect to individual muscle fiber composi- 
tion. Int ¥ Sports Med 1982; 3: 37-42. 

10 Smyth GA, Hughson RL, Walters DJ, Ranney DA. 
Short-versus long-term effects of oral beta blockers on 
exercise performance. Journal of Cardiac Rehabilitanon 
1984; 4: 227-37. 

11 Tesch PA, Kaiser P. Effects of beta-adrenergic blockade 
on O, uptake during submaximal and maximal exercise. 
J Appl Physiol 1983; 54: 901-5. 

12 Pollock M, Foster C, Rod J, Stoiber J, Hare J, Schmidt 
D. Effects of propranolol dosage on the response to sub- 
maximal and maximal exercise [Abstract]. Ат f Cardiol 
1982; 49: 1000. 

13 Hughson RL, Russell CA, Marshall MR. Effect of 
metoprolol on cycle and treadmill maximal exercise per- 
formance. Journal of Cardiac Rehabthtation 1984; 4: 27- 
30. 

14 Ekblom B, Goldbarg AN, Kilbom À, Astrand PO. 
Effects of atropine and propranolol on the oxygen trans- 
port system during exercise in man. Scand F Clin Lab 
Invest 1972; 30: 35-42. 

15 Gibson DG. Pharmacodynamic properties of beta- 
adrenergic receptor blocking drugs in man. Drugs 1974; 
7: 8-38. 

16 Sklar J, Johnston GD, Overlie P, et al. The effects of a 
cardioselective (metoprolal) and a nonselective (pro- 
pranolol) beta-adrenergic blocker on the response to 
dynamic exercise in normal men. Circulation 1982; 65: 
894-9. 

17 Naughton JP, Hellerstein HK. Exercise testing and exer- 
cise training in coronary heart disease. New York: 
Academic Press, 1973. 

18 American College of Sports Medicine. Guidehnes for 
graded exercise testing and exercise prescnpnon. 2nd ed. 
Philadelphia: Lea and Febiger, 1980. 

19 Bruce RA, Hossack KF, Kusumi F, Clarke LJ. Acute 
effects of oral propranolol on hemodynamic responses to 
upright exercise. Am ў Cardiol 1979; 44: 132-40. 

20 Pratt CM, Welton DE, Squires WG Jr, Kirby TE, Har- 
tung GH, Miller RR. Demonstration of training effect 
during chronic beta-adrenergic blockade in patients with 
coronary artery disease. Circulation 1981; 64: 1125-9. 

21 Gordon NF, Krüger PE, Cilliers JF. Improved exercise 
ventilatory responses after training in coronary heart dis- 
ease during long-term beta-adrenergic blockade. Am 7 
Cardiol 1983; 51: 755-8. 

22 Laslett LJ, Paumer L, Scott-Baier P, Amsterdam EA. 
Efficacy of exercise training in pauents with coronary 
artery disease who are taking propranolol. Circulanon 
1983; 68: 1029-34. 

23 McLeod AA, Kraus WE, Williams RS. Effects of beta,- 
selective and nonselective beta-adrenoceptor blockade 
during exercise conditioning in healthy adults. Am ў 
Cardiol 1984; 53: 1656-61. 


Br Heart $ 1985; 54: 100-1 


Valve prolapse in Behcet’s disease 


SHEN LU-LI, CUI GUANG-GEN, LIANG RU-LIAN 
From the Shanghai Sixth People’s Hospital, Shanghai, People’s Republic of China 


SUMMARY Valve prolapse was diagnosed solely by echocardiography in three consecutive patients 
with Behcet’s disease. Two patients had prolapse of the posterior mitral valve leaflet, but no clinical 
manifestations of valve prolapse. In the third patient aortic valve prolapse was associated with 
physical signs of aortic regurgitation and left ventricular failure. | 

Valve prolapse in these cases may have resulted from structural and functional derangement 
caused by the underlying non-specific vasculitis that occurs in Behget's disease. 


Behget's disease (or syndrome) is now recognised to 
be an autoimmune disorder showing evidence of 
multisystem involvement and widespread vasculitis as 
its basic pathohistological features.! * Associated 
cardiovascular lesions have been well documented in 
recent years and have actually been considered.as the 
major cause leading to fatal outcome.5 $ Prolapse of 
cardiac valves is one of the complications not previ- 
ously described. This report presents the brief his- 
tories, related clinical data, and echocardiographic 
features indicating mitral or aortic prolapse in three 
consecutive cases and suggests the frequent develop- 
ment of such pathological changes in the course of 
Behget’s disease. 


Patients and methods 


CASE REPORTS 

Case 1—A 36 year old woman presented to our clinic 
in 1975 suffering from an intermittent low grade fever 
associated with oral and genital ulcers, conjunctivitis, 
erythema nodosum on both legs, and arthralgia. Phys- 
ical examination of the cardiovascular system was 
normal. The erythrocyte sedimentation rate was 
34 mm in the first hour. The electrocardiogram 
showed frequent ventricular extrasystoles. She was 
treated with oral steroids with good symptomatic 
relief. In December 1979 segmental colitis was diag- 
nosed at laparotomy. The cardiovascular manifesta- 
tions appeared in April 1982 when she had attacks of 
palpitation and pronounced dyspnoea, and typical 
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echocardicgraphic signs of mitral posterior leaflet pro- 
lapse were found. Hypertension was diagnosed in 
February 1983. 

Case 2—A 63 year old woman was admitted in 
August 1978 with a history of fever (up to 39°C) a 
month before and painful orogenital ulcers three days 
after the onset of fever. Physical examination showed 
severe anaemia, bilateral conjunctival hyperaemia, 
small ulcers on the buccal mucosa and tip of the ton- 
gue, and dark red nodules on both legs. Her erythro- 
cyte sedimentation rate was 120 mm in the first hour. 
A skin biopsy specimen from the left forearm showed 
thickening and mild inflammatory cell infiltration of 
the wall of some small veins. After admission her 
symptoms were controlled with antipyretic and anti- 
biotic drugs. She was discharged in September 1978. 
Follow up examinations in 1983 detected no abnormal 
findings, but a cross sectional echocardiogram showed 
typical signs of mitral valve prolapse (Figure). 

Case 3—A 58 year old man was seen in 1969 with 
low grade fever, ulcers in the mouth, chronic conjunc- 
tivitis, and erythema nodosum on the dorsum of the 
feet. In August 1982 he began to experience frequent 
attacks of precordial tightness without апу obvious 
precipitating causes. The electrocardiogram showed 
left anterior fascicular block and left ventricular 
hypertrophy. He was admitted in January 1984 with 
Shortness of breath and orthopnoea, mild oedema of 
both legs, and multiple small ulcers on the buccal 
mucosa, tongue, and external genitalia. His blood 
pressure was 140/80 mm Hg and the cardiac rhythm 
regular. There was a blowing diastolic murmur of 
moderate intensity at the left sternal border (second 
and third intercostal spaces) The erythrocyte 
sedimentation rate was 54 mm in the first hour. 
Immune complexes were present in the blood, and he 
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Figure 
view of four cardiac chambers showing the mitral valve (MV) 

bulging beyond the atrioventricular annulus into the left atrium 
(LA) during mid and late systole. RV, right ventricle; LV, left 
ventricle; RA, right atrium; TV, tricuspid valve. 


Case 2: Cross sectional echocardiogram in the apical 


had raised concentrations of serum IgA and IgG. The 
cross sectional echocardiogram showed prolapse of 
the right coronary cusp of the aortic valve and associ- 
ated aortic incompetence. After admission, oral 
steroids, cardiotonics, and diuretics were given to 
improve cardiac function. but cardiac insufficiency 
and pulmonary congestion were refractory to these 
measures. Oral ulceration could be controlled only 
with cyclophosphamide. 


ECHOCARDIOGRAPHIC FINDINGS 

In cases 1 and 2 the mid and late systolic hammocking 
of the mitral valve was shown on the M mode 
echocardiogram and in the cross sectional apical four 
chamber view (Figure). The mitral leaflets bulged 
beyond the atrioventricular valve annulus into the left 
atrium during systole. In case 3 prolapse of the aortic 
valve cusp during diastole was shown on the cross 
sectional image of the heart in the long parasternal 
axis view. 


Discussion 


The clinical features of all three cases fulfil the diag- 
nostic criteria of the complete type of Behcet’s dis- 
ease. The cardiovascular manifestations in Behget’s 
disease have attracted attention in recent years. The 
incidence as reported by James was around 30%, and 
the vascular lesions appeared to be the major cause of 
death in those with such complications.?*^ Valve 
prolapse occurred in three consecutive patients, who 
make up 5096 of our total series of six patients with 
Behcer's disease. This frequent association of the two 
conditions in the absence of other obvious aetiological 
factors suggests that a causal relation may exist. 
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Recently, it has been suggested that mitral valve pri 
lapse may be an autoimmune disease.’ It occurs in 
collagen vascular diseases such as polyarteritis nod- 
osa, scleroderma, and systemic lupus erythematosus 
and in disorders of collagen formation such as Mar 
fan’s syndrome.” We consider that the valve pr: 
lapse in the present three cases may have been the 
result of structural damage and functional derang 
ment caused by the underlying non-specific vasculitis 
of Behgets disease, but histological examinator 
would be necessary to confirm or refute such 
hypothesis. 

The aortic regurgitation detected in case 3 caused 
cardiovascular deterioration, and hence such prolaps 
ing valve lesions may have important prognostic con 
sequences. The situation was less serious in the two 
patients with mitral valve prolapse. In both there wer 
no physical signs of prolapse, and the diagnosis was 
made purely on echocardiographic grounds. Such an 
absence of physical signs is common in patients with 
mitral valve prolapse due to any cause. The clinical 
significance of echocardiographically documented 
prolapse in Behcet's disease is at present unknown 
but follow up will establish whether such patient 
develop overt mitral regurgitation or the other com 
plications of mitral valve prolapse such as arrhyth 
mias, emboli, and bacterial endocarditis. In the mean 
time it seems sensible, in a multisystem disorder like 
Behcet’s disease, to document the presence or absence 
of cardiac valve prolapse by routine echocardio 
graphic screening. 
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Diffuse non-specific aortitis with multiple saccular 
aneurysms and aorto-enteric fistula 


ASOK KUMAR MUKHOPADHAYAY, PREM CHOPRA 
From the Department of Pathology, All-India Institute of Medical Sciences, New Delhi, India 


SUMMARY A rare variant of non-specific aortitis was found at necropsy in a young hypertensive 
woman. The aorta showed severe, extensive, non-specific aortitis with multiple saccular aneurysms 
containing thrombi throughout its length except for 2 cm from its bifurcation. A fistulous tract was 
identified leading from an aortic aneurysm at the level of the renal arteries to the second part of the 
duodenum. Both renal artery ostia were narrowed. The small intestine contained 2 litres of blood, at 
necropsy. Bilateral ischaemic atrophy of the kidneys was present. 


Non-specific aortitis is not ubiquitous in distribution. 
This disease was first described as an entity from 
Japan.' Non-specific aortitis with multiple saccular 
aneurysms has been reported only from South 
Аїгіса.274 None of the cases in these series had 
developed spontaneous aortic fistula. We report a case 
of severe, extensive non-specific aortitis with multiple 
saccular aneurysms and spontaneous aortoduodenal 
fistula. 


Case report 


CLINICAL HISTORY 

А 22 year old woman was found to be hypertensive 
during a routine check up. Three years later she 
noticed a lump in the abdomen and since then had 
suffered from severe intermittent back pain. 

On examination all peripheral pulses were felt, 
there was no brachiofemoral delay, and blood pres- 
sure ranged between 170-200/130-140 mm Hg. 
Prominent suprasternal pulsations, left ventricular 
heave, loud and split second heart sound with promi- 
nent aortic component, and a fourth heart sound were 
noted. A pulsatile mass measuring 5 cmX5 cm was 
present in the epigastrium. Grade two retinopathy 
was also present. 

Her haemoglobin concentration was 11 g/dl, eryth- 
rocyte sedimentation rate 54 mm in the first hour, and 
blood urea concentration 6:7-8:3 mmol/l (40-50 mg/ 
100 mb. Chest radiographs showed a normal size 
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heart, widened aortic arch, and prominent descending 
thoracic aorta. An electrocardiogram showed sinus 
rhythm with left ventricular hypertrophy. On the day 
scheduled for aortography she developed profuse 
haematemesis and died from circulatory shock. 


NECROPSY FINDINGS 
Only a 15 cm midline abdominal incision was permit- 
ted. The heart weighed 420 g and showed left ven- 










Atherosclerotic 
plaque 
Multiple saccular 
aneurysms 


Coronary 
ostium 





Fresh mural thrombi 
in aneurysms 


External granularity 
T eft kidney) 


Atrophied. Ё? 
right kidney 


Aorta relatively free 
of disease 


Fig. 1 Diagram showing the aorta, multiple aneurysms, 
aortoduodenal fistula (bidirectional arrow), and atrophied nght 
kidney with severely stenotic left renal artery. Thrombi are seen 
within the aneurysms. Atherosclerotic patches are also present. 
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TE. Bladder ! a 

Fig. 2 Morphological appearance of the abdominal aorta, an 
aneurysm at the level of renal vessels with thrombus, severely 
atrophied right kidney, and granular left kidney. The liver, 
spleen, pancreas, and urinary bladder are also shown. 


tricular hypertrophy and dilatation. The proximal 2 
cm of the left main coronary artery showed fatty 
streaks. 

The aorta was dilated and irregularly tortuous in its 
entire length and showed multiple saccular aneurysms 
varying from 1х0:5х0:3 cm to 7X6X4-5 cm in size 
(Fig. 1). The thickness of the wall of the aorta varied 
from 0:1 cm to 0-3 cm. The intimal surface was pink 
and was of the consistency of puff pastry throughout, 
except for the terminal 2 cm near its bifurcation. In 
addition, there were interspersed atherosclerotic pla- 
ques and ulcers in the intima. Most of the aneurysms 
were filled with fresh as well as partially organised 
thrombi. The largest one, situated at the level of the 
renal vessels (measuring 7X6x4-5 cm) was partially 
filled with an organised thrombus. А probe could be 
passed from its floor through a tunnel (0.9 cm in 
diameter) to the second part of the duodenum situated 
2-6 cm distal to the opening of the bile duct. The right 
renal artery ostium was narrowed, thickened, and 
roughened and that of the left artery occluded by an 
organised thrombus. The main branches of the aorta, 
except the renal arteries, were free of disease. 

Multiple sections from the diseased atherosclerotic 
and relatively normal looking aorta and also from the 
wall of the aneurysms were stained with haematoxylin 
and eosin, Masson's trichrome stain, and phos- 
photungstic acid haematoxylin and examined. The 
aorta showed features of non-specific aortitis with 
pronounced thickening of the intima due to increased 
fibrocollagenous tissue, smooth muscle proliferation 
and deposition of basophilic intercellular substance. 
The media showed variable destruction of muscle and 
elastic tissue with replacement fibrosis. The outer two 
thirds of the media showed prominent neovascularisa- 


tion. The outer media along with the adventitia, 
which was of variable thickness, showed inflammat- 
ory cell infiltration consisting of lymphocytes, histio- 
cytes, and plasma cells. These were mainly perivas- 
cular in distribution. Occasional epithelioid cell 
granulomas were identified. Endarteritis obliterans or 
fibrinoid necrosis was conspicuously absent. 

The aneurysmal wall showed almost total destruc- 
tion of elastic tissue, pronounced replacement fibrosis 
of the media, and thickening of the adventitia. Fresh 
thrombi were identified on the mural surface. 

The right and left kidneys weighed 20 g and 120 g 
respectively. The external surface showed fine and 
coarse granularity (Figs. 1 and 2). Microscopical 
examination showed features of ischaemia and benign 
nephrosclerosis. The pelvicalyceal system and ureters 
were normal. 


Discussion 


Non-specific aortitis with multiple saccular aneur- 
ysms has been reported from Africa.?~* This type is 
uncommon in India, and to the best of our knowledge 
such a case has not been documented at necropsy. À 
few cases of non-specific aortitis with multiple aneur- 
ysm formation, however, have been reported in a con- 
trast study (S Bhargava, personal communication) 
The South African variety of aortitis is diffuse and the 
aneurysms are characteristically multiple and saccular 
compared with the other varieties of aortic aneurysms 
reported in various series,5^ in which they are 
fusiform and not multiple. 

An aortoenteric fistula was found in the present 
case. This is unusual in non-specific aortitis. On the 
other hand fistulous tracts are not uncommon in the 
fusiform abdominal aneurysms described in various 
series, and about 3196 cases rupture into the 
duodenum.’~!° Although multiple saccular aneur- 
ysms have been reported in cases of aortitis seen in 
South Africa, in none of these cases has an aortoen- 
teric fistula been reported. 

The aetiology of the multiple aneurysms in this case 
was determined by exclusion. Syphilitic origin was 
unlikely since aneurysms in this disease are most 
commonly found in the ascending aorta, although the 
abdominal aorta is the affected site in about 10% of 
cases. Multiple aneurysms are unusual in syphilis. 
Multiple aneurysms may also result from severe and 
extensive atherosclerosis, which is an unlikely cause 
in this case for several reasons. Firstly, this patient 
was a young woman. Secondly, at necropsy the pro- 
cess of atherosclerosis was only patchy, and thirdly, in 
the non-atherosclerotic areas of the aorta also there 
was pronounced thickening of all the layers—namely. 
the intima, media, and adventitia. It thus appears 
from the histological features that in this case the mul- 
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шг; aneurysms resulted from a severe, diffuse, non- 


specific aortitis. 
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Persistent left sided fifth aortic arch in a neonate 


ALBERTO CABRERA, JOSE GALDEANO, INAKI LEKUONA 
From the Department of Paediatric Cardiology, Hospital Infantil Cruces, Bilbao, Spain 


SUMMARY A persistent left sided fifth aortic arch with coarctation of the aorta and persistence of the 
ductus arteriosus was recognised and treated surgically in a newborn infant. The fifth arch was used 
to repair the coarctation, and five years later the child had normal peripheral pulses and no residual 


murmurs. 


Persistence of the fifth'aortic arch is a rare congenital 


defect. It has been left sided and associated with. 
tricuspid atresia and cor triatriatum,! 2 coarctation of 
the aorta,? persistence of the ductus arteriosus,‘ 5 and 
with pulmonary atresia and ventricular septal 
defect.57-Necropsy findings have been не їп 
four of these cases. 


Case report 


A male infant (birth weight 3 kg) born after a full term: 


pregnancy and normal delivery showed respiratory 


distress and slight cyanosis 24 hours later. The liver. 


was palpable 3 cm below.the right costal margin. Both 


` axillary and femoral pulses were weak. A mid systolic 


murmur was audible over the upper left sternal edge, 


the second heart sound was loud in the pulmonary . 


area, and gallop rhythm was present at the cardiac 
apex. An electrocardiogram showed right atrial 


enlargement and right ventricular hypertrophy. Chest . 


radiographs indicated pulmonary oedema and moder- 
ate cardiomegaly with left atrial enlargement. Cardiac 
catheterisation 48 hours after birth showed systemic 
pressures and high oxygen saturations in the pulmo- 
nary artery due to persistence of the ductus arteriosus. 
The mean left atrial pressure was 20 mm Hg. The 
injection of contrast medium. into the left ventricle 


showed in the lateral view (Fig. 1a) two aortic arches : 


with the brachiocephalic trunk, the left carotid and 
the left subclavian arteries arising from the upper 


-arch. The lower arch, which was of similar size, arose 


from the aorta at the level of the brachiocephalic 
trunk and joined the upper arch above an area of 
coarctation below which the ductus arteriosus arose. 
It was concluded that this lower arch was a persistent 
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-fifth aortic arch. The frontal view (Fig. 1b) showed a 


left sided aortic arch and the brachiocephalic trank as 


-its first branch. 


Surgical treatment was performed шайы: Ше 
ductus was ligated and the fifth aortic arch was sepa- 
rated from the ascending aorta and used to recon- 
struct the fourth arch by making an anastomosis of 0-8 
cm diameter between proximal and distal portions of 
the normal aorta (Fig. 2a and b). Five years later 
axillary and femoral pulses were normal and no mur- 
murs were audible. 


Discussion 


Embryological evidence of a fifth aortic arch became 
accepted in man in 1922.8 Forty seven years later the 
necropsy finding of a fifth aortic arch complicated by 
tricuspid atresia and a divided left atrium was 
reported.! Anatomically, the fifth aortic arch emerges 
from the aorta at the proximal portion of the fourth 
arch and ends in the distal portion of the sixth. 
Persistence of a fifth aortic arch has to be differenti- 
ated from a retro-oesophageal right subclavian artery 
and from a double aortic arch. Both can be disting- 
uished by angiography; in the former the frontal view 
shows the right subclavian and right carotid arteries 


arising separately from the aorta; in the latter, the 


lateral view shows superimposition of the double 
arches in contrast to the separate but parallel positions 
of the fourth and persistent fifth aortic arches. The 
differentiations can be confirmed by radiological 
examination with a barium filled oesophagus, which is 
compressed laterally or posteriorly by eitber an 
anomalous right subclavian artery or by part of a dou- 
ble aortic arch. Further confirmation can be obtained 
by cross sectional echocardiography. 

Persistence of the fifth aortic arch is a different 
anomaly when associated with pulmonary atresia. It 
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Fig. 1 Angiocardiograms in (a) the lateral and (b) the posteroanterior view after injections of the left ventricle. (a) Two 


images can be seen, the upper one (4AA) emerging from the supra-aortic trunk, 


arch (SAA). Coarctation of the aorta and initial filling of the 


can then be a naturally occurring source of pulmonary 


the lower one corresponding to the fifth aortic 


ductus arteriosus are also seen. (b) The brachiocephalic trunk is 
well developed and is seen as the first vessel (1A) emerging from the aorta. 4AA, fourth aortic arch 


arterial supply,*? is not comparable with the present 


case report, and would not have been available for 


incorporation in the surgical repair. 





Fig. 2 Diagram showing the position of the fourth (4А А) and 
fifth (SAA) aortic arches, the persistent ductus ( D) and the 
coarctation (C) before (a) and after (b) surgical repair. BT, 
brachiocephalic trunk; LC, left carotid (artery); LSA, left 
subclavian artery. 
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Transient Q waves followed by left anterior fascicular 


block during exercise 


A G REBUZZI, F'LOPERFIDO, L M BIASUCCI 


From the Istituto di Cardiologia , Università Cattolica, Sacro Santo Cuore, Rome, Italy 


SUMMARY А 45 year old white man developed transient abnormal Q waves and ST segment elevation 
preceding left anterior fascicular block during exercise stress testing. The simultaneous disappear- 
ance of Q waves and fascicular block suggested that the abnormal Q waves were determined by an 


early septal conduction defect. 


Transient abnormal Q waves have been described 
during selective cardiac surgery, hyperkalaemia, 
shock, severe metabolic stress, and acute coronary 
insufficiency.! Isolated reports exist about Q waves 
occurring during stress testing.? We report a patient 
with two vessel coronary artery disease in whom exer- 
cise stress testing induced transient abnormal Q 
waves, ST segment elevation, and left anterior fas- 
cicular block. 


Case report і 


A 45 year old white man was admitted to our 
ergometric laboratory for evaluation because of recur- 
rent chest pain. For two years he had had infrequent 
episodes of a retrosternal burning sensation that radi- 
ated to the left arm and lasted for 10 to 15 minutes. 
He smoked 30 cigarettes a day. 

On examination the resting heart rate was 67 
beats/min and the resting blood pressure 120/80 mm 
Hg. The resting electrocardiogram showed (Fig. 1) 
sinus rhythm, QRS axis, +70°; QRS width, 80 ms; 
and RS pattern from V1 to V3 with T wave inverted 
in V1 and diphasic in V2. 

Bicycle stress testing was performed with a work- 
load that was increased by 30 W at three minute inter- 
vals. After five minutes of exercise (60 W), at a heart 
rate of 130 beats/min and blood pressure of 185/105 
mm Hg, he developed progressive chest pain; at that 
time a QS pattern appeared in V1-V2 and the R vol- 
tage was reduced in V3 simultaneously with ST seg- 
ment elevation from V1 to V4. The QRS axis shifted 
to +30°, and the QRS width increased to 90 ms. The 
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exercise test was stopped. At the fourth minute of the 
recovery period at a heart rate of 82 beats/min a 
further ST segment elevation in V2-V5, an increase in 
QRS width to 110 ms, and a shifting of QRS axis to 
—40° were noted. After 10 minutes rest at a heart rate 
of 70 beats/min.the R waves in V1-V2 reappeared and 
the QRS axis and width returned to the pre-exercise 
values. Cardiac enzyme activities immediately and at 
three and six hours after exercise testing were normal 
(creatinine phosphokinase = 75 ОЛ, 85 ОЛ, and 72 
ОЛ, respectively). Cross sectional echocardiography, 
performed in the supine position and the left lateral 
decubitus using the apical approach at the time of 
interruption of the exercise testing, did not show any 
segmental wall motion abnormality at qualitative real 
time inspection. At the sixth minute of the recovery 
penod, when the QRS axis was at —40°, apical 
echocardiography was repeated and did not show any 
modification (Fig. 2). 

Coronary angiography performed four, days later 
showed 'severe obstruction of the proximal left 
anterior, descending and circumflex coronary arteries. 
At the time of bypass graft operation, performed three 
weeks later, no areas of hypokinesis were noted. 
Postoperatively he did well and the 12 lead electro- 
cardiogram was normal. 


Discussion 


During stress testing, our patient developed transient 
Q waves in V1-V2 with ST segment elevation and 
subsequent left anterior fascicular block. No evidence 
confirming acute myocardial infarction was obtained. 

In patients without previous myocardial infarction 
ST segment elevation during stress testing is consi- 
dered to be indicative of Prinzmetal's angina, due to 
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(fifth minute): QS pattern in V1 to V2; ST segment elevation from V 1 io V4; QRS axis, +30°. (c) Recovery 
(fourth minute): further ST segment elevation; left anterior fascicular block (QRS axis, —40°). (d) Recovery (tenth 
minute): reappearance of R waves in V1 to V2; disappearance of left anterior fascicular block. 





Fig. 2 Cross sectional echocardiogram in apical four chamber 
projection (left, diastole; right, systole), recorded at the sixth 
minute of the recovery period after exercise testing. No regional 
abnormalities in left ventricular wall motion are observed. LA 
left atrium; LV, left ventricle; RA, right atrium; RV, right 
ventricle. 


severe proximal left anterior descending coronary 
artery obstruction, which was subsequently shown in 
our patient by coronary arteriography. 

Transient Q waves without acute myocardial infarc- 
üon have been observed during coronary insuffi- 
сіепсу,* * Prinzmetal's angina,’ and exercise elec- 
trocardiography.? According to the different authors, 
they may be explained either by electrical inertness of 
myocardial cells due to ischaemic alteration of the cell 
membrane?? ог by localised conduction distur- 
bance.*" In our patient an intraventricular conduc- 
tion defect developed gradually after the appearance 
of Q waves; both Q waves and left anterior fascicular 
block disappeared simultaneously. 

Transitory intraventricular conduction defects 
appearing during exercise testing may be rate related 
and not strictly dependent on the actual presence of 
acute myocardial ischaemia.'" In our patient the QRS 
axis leftward shift developed at the peak of exercise, 
when the keart rate was fastest. The intraventricular 
conduction defect, however, did not disappear but 
increased after stopping the test and the lowering of 
the heart rzte; therefore a rated related intraventricu- 


Transient Q waves followed by left anterior fascicular block during exercise 


lar conduction defect would be unlikely. 

Regional wall motion abnormalities may be 
detected by cross sectional echocardiography or gated 
blood pool scanning in the course of acute myocardial 
infarction or transitory acute myocardial ischaemia.!! 
Accurate phase analysis of wall motion by both 
methods may provide information on the modification 
of the excitability sequence or the presence of conduc- 
tion abnormalities during myocardial ischaemia. !2 ' 

In our patient only qualitative inspection of the api- 
cal echocardiogram was obtained, and it did not show 
any appreciable abnormality of wall motion move- 
ment or synchronism. 

Even though definite proof of the nature of the 
phenomenon here described is lacking, in our opinion 
the simultaneous disappearance of Q waves and left, 


fascicular: block suggests that the abnormal Q waves _ 


were due to an early conduction defect localised in the 
septal area (septal fascicular block)," which extended 
eventually to left anterior fascicular subdivisions. '3 

The absence of any transitory wall motion abnor- 
тату ас. сгоѕѕ sectional echocardiography indicates 
electrophysiological rather than mechanical damage. 
Cellular inertness as the cause of the electrocardio- 

graphic sequence in our patient could not, however, 
be definitely excluded. 
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КАЛТ origin of hé left coronary artery from the: 
pulmonary artery, in an adult . 
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` SUMMARY Anomalous origin. of the left coronary artery dian the pulmonary artery is a rare, almost 
universally fatal form of aengenital heart disease. A case was diagnosed in a 19 year old woman who 
had exercise induced ѕувооре and ST segment displacement during exercise stress testing. The 
anomaly was successfully teated with ligation of the anomalous left coronary, artery combined with 


saphenous vein grafting 


-Young adults with exercise 'ánduced syncope should be examined by exercise stress ud and if 
it induces ST, кш релш coronary а be undertaken. 
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E Ыбы origin of the left coronary artery from the 
pulmonary artery was first described by Abrikossoff 
in 1911.' About 80-9096 of the reported cases of this 
abnormality „аге of.the infantile type, and these 
patients develop congestive heart failure and die in 
infancy. About 15%.of cases survive beyond infancy. 

Some of these patients die suddenly after exertion.2~4 
We report: an examiple’of this condition in an adult, 
who underwent successful surgia treatment: 


Саве report , 


А 19 year old woman, who as a child participated in 
physical exercise without any symptofüs, had been 
referred to the local hospital whens 17 years~old 
because of an episode of exercise inducedysyncope. 
Since the electrocardiogram was normal; no cardiac 
‘murmur was.heard, and no neurological abnormalities 
were found she was discharged. Two years, later she 
had a further episode of syncope during bymnastic 
exercise. Cardiac arrest occurred, and resus¢jtation 
was started during transportation to the local hbspital. 
The electrocardiogram showed. ventricular fibrilla- 
tion. Direct current cardioversion résulted,in sinus 
rhythm, and she was referred to our department for 
further examination. 

On examination, there were some deficiences.in her 
memory, her blood pressure was 120/70 mm Hg, and 
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sate i [| cond heart sounds. The electrocar- 
' diog a 19 C EIU 
‘The chest radiograph suggested 


t Eb cola: rgement in the lateral view 
büt- Ме ЫЫ ag шга, ‘was normal. Echocardio- 
graphicié&antitistio normal. Exercise stress test- 


ing showeH 4:003 37V des depression, of the ST segment in 
lead: CMS but“ préduced, по. chest pain. The patient 
was, ‘teferred for- Fight heart ~.catheterisation and 
intracardiac” electrography. . -yjFhese · examinations 
_ showed no signs ОЁ left to right shunt, and no induc- 
ible ventricular tachycardia or ог. ventrigular fibrillation 
was recordéd, dining. Лейс ysiglogical studies. 
Myocardial | i sy the :thallium-201 
' showed decreet ас У apterpanical region. 
We therefore’ derided’ to perform ОРОДУ. angiogra- 
phy. Theré was Hi evidence of аб) c Stenosis, and the 
pressures in the left ventricle" Were. € normal (100/8 
mm Hg). Left ventriculography. “showed, arnomnal 
contraction pattern, an ejection fraction, 07L, no 
signs of mitral regurgitation, and no left- soronary 
artery arising from the aorta. The right-coronary 
orifice was found to: be very wide ‘and when injected 
with contrast was dilated and тогшоц$ with шапуссой- 
lateral channels through which the ‘contrast passed ito 
` the left coronary artery and finally’ drained, retrog- 
„radely i into the pulmonary artery (Figüre a). 
“ai Ati operation the right coronary ‘artery was dilated. 
The left anterior descending artery was small with;an 
internal diameter of 2 mm. The left anterior, descent- 
ing ‘and the circumflex arteries were in the, normal 
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Figure (a) Preoperative coronary angiogram їп the right 
anterior oblique projection with contrast injection into the right 
coronary artery showing retrograde filling of the left coronary 
artery and the circumflex artery. There is weak contrast filling of 
the pulmonary artery. (b) Postoperative angiogram in the right 
anterior oblique projection with contrast injection into the aorta 
showing contrast filling of the venous graft and the left coronary, 
the circumflex ‚ and the right coronary anteries . There are no signs 
of contrast passing from the right to the left coronary arteries . 


anatomical position, but the left main coronary artery 
originated from the posterior wall of the pulmonary 
artery. After the left main coronary artery had been 
dissected, it was ligated close to the pulmonary artery 
and divided. A piece of reversed saphenous vein was 
inserted between the left main coronary artery and the 
aorta, using an end to side suture for the peripheral 
anastomoses. The postoperative course was uneven! 
ful, and the electrocardiogram was unchanged 

Five months later repeat angiography showed that 
the right coronary artery was dilated and tortuous but 
there was no contrast filling of the left coronary 
arteries. When contrast was injected into the aorta we 
found a patent venous graft with contrast filling of the 
left anterior descending artery, the septal branches, 
and the circumflex artery (Figure 6). The electroca 
diogram still showed a biphasic T wave in lead I but 
no other abnormalities. The chest radiograph was 
normal. Exercise stress testing showed a 0-2 mV 
depression of the ST segment in lead CM5 of the 
electrocardiogram. The patient had to stop exercisc 
because of exhaustion. 


Discussion 


Anomalous origin of the left coronary artery from the 
pulmonary artery is the most common clinically 
severe congenital anomaly affecting the coronary sys 
tem. Nevertheless, it is a rare defect occurring in 0-5 
of the total group of congenital heart disease. Accord 
ing to Keith it occurs in one of every 300 000 live 
births.? Retrograde blood flow in the left coronary 
artery is present in probably all patients who survive 
childhood.* 

Surgical treatment of this anomaly has included lig 
ation of the anomalous left coronary artery,’ ligation 
of the anomalous left coronary artery combined with 
saphenous vein grafting from the aorta to the left 
coronary artery,” and reimplantation of the anomal 
ous left coronary artery in the aorta.'" Our patient was 
treated with ligation of the anomalous left coronary 
artery combined with saphenous vein grafting from 
the aorta to the left coronary artery. 

This case is interesting because of the lack of 
abnormalities found at physical examination and 
especially because of her resting electrocardiogram, in 
which we would have expected to find ( waves (indi 
cating previous anterolateral or anteroseptal myocar 
dial infarction) or alterations in the ST segments and 
the T waves, which have been reported by others." 
As reported by others we found an abnormal 
ischaemic response in the electrocardiogram during 
preoperative exercise stress testing.* !" 

The present case illustrates the importance of per 
forming exercise stress testing in young adults with 
exercise induced syncope, even if there are no signs ol 
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cardiac disease. It also emphasises the importance of 4 Ihekwaba FN, Davidson KG, Ogilvie B, Caves PK. 


- - performing coronary angiography in these~patients Anomalous origin of the left coronary artery from the 
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Left ventricular gradients 
cardiomyopathy 


Sir, 

Sugrue et al (1984;52:602-9) reported that their 
group of eight patients with hypertrophic car- 
diomyopathy and mean resting gradient of 42 mm Hg 
did not show evidence of impedance to left ventricular 
emptying. This finding corroborates recent observa- 
tions of systolic anterior motion of the mitral valve. At 
a gradient of 42 mm Hg subaortic obstruction (as 
demonstrated by systolic anterior motion with septal 
contact) would not have occurred until 40% of the 
way through the systolic ejection period, by which 
time 8096 of stroke volume would have already been 
ejected.! The results of Sugrue et al cannot, however, 
be extrapolated to suggest that “‘a left ventricular gra- 
dient does not represent true obstruction” for two 
reasons. Firstly, left ventricular emptying must be 
interpreted in the light of the associated mitral regur- 
gitation accompanying systolic anterior motion with 
septal contact. The left ventricle ejects rapidly in 
patients with hypertrophic cardiomyopathy, and any 
tendency to slow down this rapid ejection by the 
resulting subaortic obstruction from systolic anterior 
motion with septal contact may be counterbalanced 
by the accompanying mitral regurgitation, which will 
facilitate rapid emptying.* Secondly, the size of the 
pressure gradient is crucial in the interpretation of 
studies of left ventricular emptying. Thus when the 
pressure gradient is as high as 140 mm Hg systolic 
anterior motion with septal contact develops as early 
as 10% of the way through systole, and the resulting 
subaortic obstruction occurs when 93% of the stroke 
volume has still to be ejected.! Just as systolic anterior 
motion is not an “all or none phenomenon” so the 
subaortic pressure gradient is not an “all or none 
phenomenon.” Gradients such as those in the patients 
studied by Sugrue et al do not usually suggest impor- 
tant left venticular obstruction. Higher pressure gra- 
dients do suggest significant outflow obstruction as 
shown by prolonged ejection time,' fall in ejection 
fraction with exercise,* and amelioration of angina 
when the pressure gradient is relieved.* 


Charles Pollick, 

Division of Cardiology, 
Toronto Western Hospital, 
399 Bathurst Street, 
Toronto, 

Ontario, Canada. 





in hypertrophic 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

Dr Pollick's comments on the influence of mitral reg- 
urgitation and of the importance of the magnitude of 
left ventricular gradients on left ventricular ejection 
are made from the perspective of his elegant work 
which demonstrates a strong positive correlation of 
the duration of systolic anterior motion, the left ven- 
tricular ejection time, and the magnitude of left ven- 
tricular gradient in patients with muscular subaortic 
stenosis.! These patients are a subset of the spectrum 
of hypertrophic cardiomyopathy— namely, those with 
an idiopathic heart muscle disorder which is charac- 
terised by a hypertrophied and non-dilated left ventri- 
cle.?? In such patients left ventricular gradients may 
or may not be observed, and their presence is associ- 
ated not only with systolic anterior motion but with 
other mechanisms that are not associated with mitral 
regurgitation. 

As stated, the patients in our study did not have 
moderate or significant mitral regurgitation. In our 
large series of patients with hypertrophic саг 
diomyopathy 3596 had a resting left ventricular gra- 
dient of between 30 and 120 (median 45) mm Hg and 
patients with a gradient in excess of 80 mm Hg were 
rare (< 1096). Our findings are relevant io the majority 
of patients with hypertrophic cardiomyopathy who 
have a resting left ventricular gradient. We have sub- 
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sequently compared the proportion of stroke volume 
ejected during the various phases of systole in 11 
patients with resting left ventricular gradients of 50- 
120 (median 80) mm Hg and patients without resting 
or provocable gradients who were matched for age, 
sex, and ejection fraction. The initial third, the initial 
50%, and the initial 80% of systole were similar in 
those with and without left ventricular gradients. 
These findings support our conclusion that a left ven- 
tricular gradient does not represent true obstruction. 


WJ McKenna,* 

DD Sugrue,t 

*Cardiovascular Disease Unit, 
Department of Medicine, 

Royal Postgraduate Medical School, 
London; 

TDivision of Cardiovascular Disease, 
Mayo Clinic, 

Minnesota, USA. 
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Notices 
Cardiac Doppler 


Ап international congress on cardiac Doppler will be 
held in Pisa from 14 to 18 October 1985. Further 
details may be obtained from Dr Alessandro Distante, 
Istituto di Fisiologia Clinica, CNR, Università di 
Pisa, Via Savi 8, 1-567100 Pisa, Italy. 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 


Correction 


In the paper by Fioretti et al (1985; 53: 248-52) on the 
"Limitations of a QRS scoring system to assess left 
ventricular function and prognosis at hospital dis- 
charge after myocardial infarction" the curves for 
ejection fraction and QRS score in Fig. 3 should have 
been represented by a continuous line ( )anda 
broken line (— — —) respectively. 
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AS YQU 
WERE 


VE DAY -A MEDICAL RETROSPECT 


Elston Grey- Turner, the much loved former secretary of the BMA who died in 
1984, was often referred to by colleagues as “The Colonel" in tribute to his 
military service in the RAMC and the Territorial Army. As a tribute to his 
memory the BMJ commissioned a collection of reminiscences by doctors of their 
experiences in the second world war and their feelings as it came to an end. For 
some, VE Day was a time for celebration, but others were too busy to notice or, as 
prisoners of war, did not even know it had happened. The exigencies of war 
brought enormous advances in surgery and medicine—particularly in the use of 
blood transfusion and penicillin—while in the civilian hospitals newly qualified 
doctors and medical students took on responsibilities that are almost 
unimaginable today. 


Often moving, occasionally horrific, sometimes hilarious, these highly personal 
memories reflect the many aspects of war from a medical viewpoint. 
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A SENSE OF ASHER 


A further collection of the writings of Richard Asher, 
selected and introduced by Ruth Holland 









This second selection of Richard Asher’s writings, with an introduction 
by Ruth Holland, was originally published in a limited edition in the 
Keynes Press in 1983. It sold out rapidly and in response to exceptional 
dernand it was decided to produce a paperback edition. This contains the 
complete text of the original and has a new cover based on one of the 
original designs for Lewis Carroll’s The Hunting of the Snark by 
Henry Holiday. 













""The contents of this volume are pure delight: arresting, provoking and full of good 
sense as only Richard Asher knew how to present it." 









"Even his most serious and 
weighty articles sparkle with 
sequins—his own aphorisms, 
imaginary dialogue, fantasies, 
quotations—and he had that 
knack of being always enter- 
taining, which Shaw described 
as having your pockets stuffed 
with sausages and keeping a red 
hot poker in the fire." 
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HOW TO DO IT 


SECOND EDITION 


The first edition of HOW TO DO IT 
proved a useful and popular guide to 
those things a doctor needs to know 
but is rarely taught: how to take an 
examination, how to interview and be 
interviewed, how to plan and write up 
research, how to behave at an inquest. 
In the second edition the original 
chapters have been expanded and 
updated, and there are several more 
chapters on new challenges—choosing 
a computer, flying, holding a press 
conference—and on some older ones 
not included in the first edition— 
assessing a job, dealing with a publisher. 
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The challenge and the reproach of еспке, 


endocarditis 


JOHN F GOOD WIN 


аы of the Division of Cardiovascular Diseases (Clinical Cardiology), Royal Postgraduate Medical School, 


Bacterial endocarditis, or as it is better and more 
comprehensively termed infective endocarditis, has 
long been clearly recognised. Osler! and Horder? 
amplified the original descriptions, and in 1909 Osler 
commented on the chronic form of the disease. Infec- 
tive endocarditis was fatal in virtually all patients until 
the introduction of penicillin. Only 4-6% of patients 
responded to sulphonamide, which was given before 
the introduction of penicillin. After its introduction 
mortality fell from almost 100% to 30%, and there the 
rate has generally stayed,? * though lower figures have 
been quoted from major сепітеѕ.5 The probable 
increase in the incidence of the disease,9 however, 
tends to offset any fall in mortality in the past decade. 
The age distribution of patients with infective 
endocarditis has changed during the past 50 years; the 
mean age has increased from 32 to 50 years or more, 
and the disease has become increasingly common in 
60-80 year old subjects. 

Although the incidence of rheumatic valvar disease 


has fallen substantially in developed countries, the 


pattern of infective endocarditis has not changed 
appreciably. А recent survey of the Medical Services 
Study Group of the Royal College of Physicians of 
London associated with the British Cardiac Society 
has provided information on 541 patients in the 
United Kingdom who developed infective endocar- 
ditis during the years 1981—82.?7-9 The mean age was 
51, the commonest primary cardiac disorder was 
rheumatic (in 126 patients), and the commonest 
organism isolated was Streptococcus viridans. Of the 
541 patients, 171 had no history of heart disease. The 
mortality was 3096 for staphylococcal infections and 
696 for streptococcal infections, but cultures from 54 
patients (1096) yielded negative results. 

Reasons for the apparently increasing 1ncidence of 
infective endocarditis could be the development of 
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infection on prosthetic valves and other materials 


‘introduced into the heart and the recognition of 


unusual forms of infective endocarditis such as cox- 
iella (Q fever), chlamydia (psittacosis), and fungal 
infections. Fungal infections may paradoxically have 
increased as a result of more intensive and lengthy 
chemotherapy for advanced bacterial infective 
endocarditis. 

Patients who are immunologically compromised 
such as those taking immunosuppressive drugs are 
especially vulnerable to infection of any sort. Infective 
endocarditis due to self injection without aseptic 


‚ precautions by drug addicts can be a serious source of 


infective endocarditis but is fortunately uncommon in 
the United Kingdom. 

With the development of more powerful antibio- 
tics, improved diagnostic methods such as cross sec- 
tional echocardiography, and increased awareness of 
the problems, why is the mortality so high? If infec- 
tive endocarditis is curable, why is it not cured more 
often? Аз no simple answer is readily forthcoming 
attention has focused again on prophylaxis. Who 
should be protected and how? What is the value of 
prophylaxis? Ín the survey by the Medical Services 
Study Group 1996 of infections were thought to be 
dental in origin, but in only 76 of the 544 episodes 
(1496) of infective endocarditis had a dental procedure 
been performed within three months of presentation. 
Organisms of the S viridans group were the cause of 
infection in 33 patients who had dental sepsis but who 
had not been treated recently. Organisms from the 
gastrointestinal tract were also isolated, often in con- 
nection with operations, investigations, or disease of 
the alimentary tract. 


Prophylaxis 


Prophylaxis, therefore, is important during dental 
work, gastrointestinal tract procedures, and genito- 
urinary investigations. Ап awareness of the need to 
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maintain good dental hygiene is most important, 
especially in patients with cardiac disease. The regu- 
larity of infection with S viridans has emphasised the 
importance of prophylaxis during dental work, but 5 
viridans can be found in parts of the body other than 
the mouth or pharynx, while bacteraemia can occur 
from dental sepsis without any dental work precipitat- 
ing it, as in the patients in the Medical Services Study 
Group's survey who developed S viridans endocarditis 
without recent dental attention. Prophylaxis during 
dental work is not strikingly effective, but, never- 
theless, cannot be neglected. There could be many 
reasons for its relative ineffectiveness: penicillin is not 
given or is improperly given; susceptible patients are 
not identified; or no prophylaxis is given at all to sus- 
ceptible patients. If all these aspects are to be dealt 
with who then should be given prophylaxis? Obvi- 
ously those with known cardiac defects must have 
prophylaxis, but it is important to know which defects 
are especially susceptible to infection—that is, those 
that are concerned with pronounced mechanical 
stress, especially when blood is driven from a high 
pressure source through a narrow orifice into a low 
pressure segment.!? Thus patients with mild mitral 
regurgitation, bicuspid aortic valve, ventricular septal 
defect, and persistent ductus arteriosus are charac- 
teristically vulnerable to infection, while those with a 
low cardiac output, pronounced valve regurgitation, 
and severe heart failure are less so. At the end of the 
spectrum is the secundum atrial septal defect, in 
which infective endocarditis is virtually unknown. 
Nevertheless, some patients with atrial septal defect 
have mitral valve lesions that can readily become 
infected. 

The simple answer would be to protect everyone 
with any suggestion of cardiac disease, and this is 
often done. Since infection can occur on a normal 
valve, however, or at least in patients not known to 
have cardiac disease, should everyone be given dental 
prophylaxis? Even if this was practicable, would the 
hazard of penicillin reaction outweigh the benefits? 
Possibly they would, but the survey by the Medical 
Services Study Group inclines to the view that 
perhaps all patients over the age of 60, even without 
evidence of cardiac disease, should be given 
prophylaxis. This is a valuable suggestion because of 
the increase in infective endocarditis found in older 
patients and the risk of infection from instrumenta- 
tion of the gastrointestinal and genitourinary tracts 
that is common in elderly people. 

The recommendations of the Medical Services 
Study Group and the British Society for Antimicro- 
bial Therapy generally agree on the means of 
prophylaxis!!: for dental work in outpatients 2 g 
amoxycillin should be given by mouth one hour 
before the work is carried out: for inpatients penicillin 
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can be injected intramuscularly: for patients undergo- 
ing instrumentational procedures on the lower gas- 
trointestinal and genitourinary tracts ampicillin or 
amoxycillin combined with gentamicin should be 
given—a single dose should cover investigations; and 
for patients sensitive to penicillin erythromycin is 
advised. 


Treatment 


Since over 80% of infections are due to staphylococci 
or streptococci initial treatment should be with a 
combination of drugs such as gentamicin and penicil- 
lin. Benzylpenicillin should be given for streptococci 
likely to have come from the mouth; flucloxacillin for 
staphylococcal infections; and ampicillin for faecal 
streptococci.!? Treatment should be given intraven- 
ously, preferably by a central subclavian line inserted 
under full aseptic conditions. The line can be left in 
position for several weeks, but specimens from the tip 
should be cultured on removal. А regular weekly 
injection of amphotericin to prevent secondary fungal 
infections is useful. The duration of treatment should 
be not less than four weeks—six weeks for compli- 
cated cases and prosthetic valve infections. The dose 
of benzylpenicillin should be not less than 10 MU 
daily; some authorities recommend 20 MU daily but 
this carries some risk of penicillin complications such 
as convulsions and hyperkalaemia. Low dose heparin 
(1 U/ml) added to the infusion fluid limits the risk of 
the formation of thrombi. If heart failure is present, 
or deemed likely, sodium penicillin should be 
avoided. The intravenous route should be continued 
for a minimum of two weeks, preferably three, and 
then penicillin may be given orally. Treatment with 
gentamicin must be monitored by blood concentra- 
tions. Peak concentrations should not exceed 14 mg/l 
or fall below 5 mg/l. Trough concentrations should 
not exceed 2 mg/l. 

Special problems of treatment include prosthetic 
valve endocarditis, endocarditis in drug addicts, 
fungal endocarditis, and coxiella endocarditis. 
Prosthetic valve endocarditis occurs either early in the 
postoperative phase, within two months of operation, 
or late:early endocarditis is usually due to the entry of 
staphylococci into the blood from the skin of the 
patient,!? which often occurs when surgical drains are 
removed from the chest. During this manoeuvre anti- 
staphylocaccal chemotherapy should be given. The 
prognosis of early endocarditis treated medically is 
much worse than that of late endocarditis.!* Westaby 
et al reported 21 patients who suffered 25 attacks of 
prosthetic valve endocarditis.!5 Nine patients with 
late prosthetic valve endocarditis were cured by medi- 
cal treatment alone, two died before operation was 
possible, and 11 required replacement of prosthetic 
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valves after treatment with antibiotics. Three patients 
died and two needed replacement of their valves after 
medical treatment. 

Surgical treatment is thus often needed for pros- 
thetic valve endocarditis, and constant vigilance is 
necessary to detect infection early and begin effective 
medical treatment. If, despite this, infection con- 
tinues, embolism occurs, or vegetations damage the 
prosthetic valve further operation should not be 
delayed. The diagnosis should be suspected if there is 
unexplained fever, heart failure, embolism, change in 
the auscultatory characteristics of the prosthetic 
valve, or persistent anaemia due to mechanical 
haemolysis. In view of the echoes produced by the 
metal parts of the valve echocardiography (especially 
M mode) is of only limited value in diagnosis, but 
changing patterns of the structure of the valve on 
repeat examination may be of some help. 

Surgical treatment is most important also for native 
valvar endocarditis, and should be considered in any 
patient who shows evidence of pronounced valve fail- 
ure, conduction defects, or embolism and does not 
respond immediately to medical treatment. Delay in 
surgical treatment can be disastrous, although opera- 
tion in the face of continuing infection is no bar to 
success, in fact the reverse. The need for replacement 
of valves is particularly great in infections noted for 
the severe destruction of valves, particularly 
staphylococcal, coxiella, and fungal infections. Medi- 
cal treatment practically never cures coxiella endocar- 
ditis, and fungal endocarditis, which carries a high 
mortality, is difficult to treat medically because anti- 
fungal drugs (amphotericin B and 5-fluorocytosine) 
are fungistatic rather than fungicidal and are toxic to 
the patient. 


Delay in diagnosis 


When so much time and effort has been put into the 
prevention, detection, and treatment of infective 
endocarditis, where lies the reproach? It lies in the 
failure to reduce mortality appreciably below 30%. 
Reasons for the failure are multiple and include organ- 
isms resistant to antibiotics; more direct exposure of 
the heart to infection by open operation, and insertion 
of foreign bodies into it; and older and sicker patients 
who develop the disease. Probably the most important 
impediment to good results, however, is late diag- 
nosis. Ranged against these hazards are improved 
antibiotics and effective surgical treatment for infec- 
tive endocarditis. Why then have these advances not 
had an effect on mortality? The answer lies both in the 
continued delay in diagnosis and in the failure to con- 
sult the cardiac surgeon in the early stages of the dis- 
ease. Diagnosis is delayed because infective endocar- 
ditis is a great mimic; it can be hidden by many other 
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cardiac diseases that it inhabits and can counterfeit 
many medical diseases, notably renal disease, disease 
of the connective tissue, and cerebral vascular disease 
to name a few. Evidence of infection in the early 
stages may consist of no more than unexplained 
malaise, anaemia, the insidious development of heart 
failure for no known cause, rheumatic aches and 
pains, or even psychoneurosis. 

Reliance on special investigations rather than on 
repeated careful clinical examinations can cause 
confusion—for example, echocardiography, which is 


- probably the single most important investigation, can 


be abused if it is wrongly applied. A request for 
“echocardiogram please to exclude subacute bacterial 
endocarditis” is to be deprecated. If no vegetations 
are seen and the report is negative then the possibility 
of the diagnosis may be erroneously put aside and 
valuable time lost. Whenever possible, cross sectional 
as well as M mode echocardiography should be used. 


Recommendations 


All that has been said is well known to cardiologists 
and to most readers of the British Heart Journal. Why 
say it then? My purpose is to appeal to those outside 
cardiology: patients, dental surgeons, general 
surgeons, gastrointestinal surgeons, genitourinary 
surgeons, general practitioners, and consultant physi- 
cians for the best available prophylaxis and the earliest 
possible diagnosis and treatment. Although 
prophylaxis remains a somewhat imprecise exercise, it 
should at least be meticulously applied to patients 
who are especially at risk. Early diagnosis can be 
greatly helped if, when any patient with known heart 
disease develops a fever of unknown cause that lasts 
for more than a few days, blood cultures (or if not 
possible an erythrocyte sedimentation rate and 
haemoglobin estimation) are performed before any 
antibiotics are given. This reduces the risk of damp- 
ing down the infection temporarily and rendering 
results of subsequent blood cultures negative. The 
possibility of infective endocarditis should be consi- 
dered in any cardiac patient who becomes mysteri- 
ously unwell, develops heart failure, arrhythmia, 
heart block, or, most obvious of all, a new cardiac 
murmur. Patients with known heart disease should be 
told about infective endocarditis and how to reduce 
the risk: they should be asked to be meticulous in 
prophylactic measures and report to their general 
practitioner for a blood test if they develop unex- 
plained fever or malaise. 

General practitioners should be encouraged to 
think always of the possibility of infective endocar- 
ditis in patients with heart disease, to take the neces- 
sary blood tests when indicated before giving antibio- 
tics, and if in doubt to refer the patient to a specialist. 
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The consultant physician can further the cause of 
early diagnosis and successful treatment by repeated 
meticulous clinical examination; by applying 
echocardiography shrewdly; and by bearing in mind 
the possibility that surgical treatment may be needed, 
not as a last resort but as a planned procedure com- 
plementary to chemotherapy. Valves that become 
severely damaged over a short time cause important 
defects of myocardial function that can seriously 
worsen prognosis, while uncontrolled infection can 
burrow malignantly into the great vessels producing 
aneurysms and deep into the heart causing serious 
conduction defects. 

The combination of enhanced awareness on the 
part of the patient, the general practitioner, and the 
physician, together with meticulous prophylaxis, 
early consultation with the cardiac surgeon, and effec- 
tive treatment with antibiotics should appreciably 
reduce the mortality. The challenge must be accepted 
and the reproach neutralised. 
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Do we need a new standard for electrocardiographs? 


RONALD G GOLD 


From the Freeman Hospital, Newcastle upon Tyne and University of Newcastle upon Tyne 


Since their publication in 1975, the recommendations 
of the American Heart Association Committee on 
Electrocardiography! have been adopted widely as an 
unofficial international standard for the performance 
of electrocardiographs. More recently the draft stan- 
dard of the International Electrotechnical Commis- 
sion for performance requirements for single channel 
and multi channel electrocardiographs? has provided 
an alternative but again unofficial international stan- 
dard with which many manufacturers, particularly in 
Europe, now comply. 

One of the main differences between these two 
standards concerns the specifications laid down for 
the frequency response of the electrocardiograph. The 
International Electrotechnical Commission draft 
demands that the response of the electrocardiograph 
at 75 Hz shall be between 7196 and 10596 of the 
response at 10 Hz and that between 0-5 Hz and 60 Hz 
the response shall be 90-105% of the response at 
10 Hz. The low frequency performance (below 
0:5 Hz) is determined by the requirement that after 
the application of a step function input signal the 
decay of the recorded amplitude for the first 360 ms 
shall not exceed that produced by a time constant of 
3-2 s. The American Heart Association specification is 
somewhat more strict. For the high frequency per- 
formance the response at 100 Hz is specified rather 
than that at 75 Hz. The amplitude of the electrocar- 
diograph record at 0-05 Hz must be not less than 7096 
of the amplitude at 10 Hz and should be substantially 
constant down to a frequency of 0:14 Hz. In neither 
of these standards is there any reference to phase 
response. 

Tayler and Vincent have drawn attention to the 
importance of phase linearity at low frequency in the 
performance of electrocardiographs.? In their care- 
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fully documented study reported in this issue (p 121) 
they have shown the artefactual ST changes that can 
be introduced into the electrocardiogram by a non- 
linear phase response. The distortion was greatest in 
the presence of large T waves and ST segment eleva- 
tion or depression. Low frequency phase delays pro- 
duced early ST segment elevation and terminal T 
inversion in leads with a dominant S wave and hori- 
zontal ST depression in leads with a dominant R 
wave. The changes noted were similar to those seen in 
disease states and could easily give rise to a false diag- 
nosis of ischaemic heart disease. Furthermore, such 
changes could be produced by an electrocardiograph 
that complied with the rigorous American Heart 
Association frequency response specifications. Now 
that these phase errors can be substantially reduced 
by modern filtering techniques, Tayler and Vincent 
very reasonably suggest that the International Elec- 
trotechnical Commission draft specification should be 
changed to incorporate requirements for phase 
response. 

Many cardiologists are all too familiar with the 
“built-in ST depression” inherent in the tracings pro- 
duced by some of the early direct writing electrocar- 
diographs. Tayler and Vincent remind us that less 
blatant errors may occur with modern equiprnent and 
that we still do not have a British standard nor an 
international standard for electrocardiograph perfor- 
mance. It is 10 years since Knkler and MacFarlane* 
made a strong plea for a “‘meaningful international 
standard” for electrocardiograph performance pre- 
pared in consultation with cardiologists and their sci- 
entific colleagues. This standard has not yet been 
forthcoming. The second version of the draft standard 
on performance requirements for single and muln 
channel electrocardiographs was considered by a 
panel of the British Standards Institution in February 
1977 and was distributed to the member nations of the 
International Electrotechnical Commission in June 
1978. Only 14 of the 19 member countries had replied 
within the six month period given for voting and the 
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last reply was not received until October 1979. Éight- 
een countries voted in favour of the draft but the 
United States rejected it, the main technical objection 
being to the less stringent frequency response 
requirements of the International Electrotechnical 
Commission document. One negative vote from 
among the 19 member countries would not have pre- 
vented a draft from proceeding to its next stage and at 
a meeting in Washington of subcommittee 62D of the 
International Electrotechnical Commission it was 
agreed that a revised draft would be circulated under 
the “2 month procedure.” 

` Meanwhile in 1977 the International Electrotechni- 
cal Commission published the first part (general 
requirements) of its standard for safety of medical 
electrical equipment.’ This was subsequently issued 
as British Standard 5724, part 1 1979,6 which is now 
the recognised official standard in the United King- 
dom for the safety of medical and electrical equip- 
ment. Part 2 of this standard considers the particular 
requirements necessary for different groups of medi- 
cal electrical equipment and several of these particular 
standards have already been published. The draft 
standard on the requirements for the safety of elec- 
trocardiographs was circulated to national committees 
in April 1981 for voting on within six months. In June 
1981 a meeting of subcommittee 62D of the Interna- 
tional Electrotechnical Commission decided to give 
priority to the preparation of such particular safety 
standards, and work on the standard for the perfor- 
mance of electrocardiographs was shelved. The stan- 
dard for the safety of electrocardiographs was 
approved by 17 countries but was rejected by the 
United States and Canada. It was therefore resolved 
that the particular standard for the safety of elec- 
trocardiographs should be published as an Interna- 
tional Electrotechnical Commission standard. 

At the time of writing the safety standard has not 
yet appeared and work on the standard for the per- 
formance of electrocardiographs, now seven years 
overdue, remains at a standstill. During this time con- 
siderable advances have been made in electronic tech- 
niques and the comments of Tayler and Vincent are 
therefore timely. 

Even allowing for the complexities of drawing up 
an international standard with 19 participating coun- 
tries, the delay since work on the draft performance 
standard was started seems inexcusably long. The 
result is that there is still no British standard for elec- 
trocardiograph performance. Perhaps the pursuit of 
an international standard is utopian. À strong case can 
be made for a European standard. Channels for the 
formulation of such a standard already exist in the 
form of European Committee for Electrotechnical 
Standardisation (Cenelec) and the technical content of 
the international draft has already been agreed by all 
of the member nations from Europe. Although a 
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British standard is not usually issued until the inter- 
national counterpart has been published, there is pre- 
cedent for such a standard to be issued in advance of 
international publication. Several countries already 
have their own national standard and a strong case can 
be made for the early publication of a British standard 
for performance. This would not preclude revision of 
such a standard when an international standard is 
published. 

No matter how rigorous the standard for the design 
and manufacture of an electrocardiograph, the user 
still largely determines the quality of its performance. 
'Too often deterioration of instruments passes unre- 
cognised and even when electrocardiographs are 
working properly they may be so misused that a reli- 
able tracing cannot be obtained. 

All too often, rather than spend time in relaxing a 
tense patient, the technician resorts to the use of the 
filter to provide a tidy looking trace but one in which a 
small initial R wave can be obliterated, with the result 
that it is misinterpreted as a QS complex. Although 
many, but by no means all operators include the calib- 
ration signal in the record, it is seldom used as a quick 
means of checking the frequency response of the 
machine. If the calibration button is held down for 
three or four seconds both the high frequency and low 
frequency responses of the electrocardiograph can be 
checked. 

Despite the absence of an official standard much 
can be done to raise the quality of electrocardiograph 
records, both in hospital and particularly in general 
practice, by regular inspection and servicing of the 
instruments to ensure that they are still working to the 
original specification (something which no British 
standard can ensure) and by proper training of the 
operator in recording techniques. 
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Artefactual ST segment abnormalities due to 


electrocardiograph design 


DITAYLER, R VINCENT 
From the Royal Sussex County Hospital, Brighton 


SUMMARY Specifications recommended for electrocardiographs omit any reference to phase charac- 
teristics and place undue emphasis on an extended amplitude response. This does not, however, 
ensure faithful reproduction of the electrocardiogram and may result in less effective attenuation of 
unwanted noise than can be achieved with modern filters. The separate effects of phase and am- 
plitude response on electrocardiographic signals were compared, and it was shown that distortion of 
the electrocardiogram by equipment with an inadequate phase response may cause changes resem- 
bling those seen in ischaemic heart disease. Case reports are presented in which distortion produced 
by commercial equipment impeded diagnosis. Specifications recommended as standard for elec- 
trocardiographs should be modified to include phase response and allow greater attenuation of 


frequencies below 0-5 Hz. 


The surface electrocardiogram is derived from signals 
that are small, complex, and often contaminated with 
electrical noise. Recording devices must include 
amplifiers and filters, but both may produce 
unwanted distortion unless carefully designed. 

Although the electrocardiogram is a complex signal 
of irregular shape, it is usually repetitive. It may 
therefore, like any repetitive signal, be expressed as 
the sum of a series of simply related sine waves (Fig. 1 
(a)). If it is to be recorded without distortion its com- 
ponent sine waves must be amplified equally—that is, 
a machine must have an unvarying (or flat) amplitude 
response over the range of frequencies present in the 
signal. This alone, however, does not ensure faithful 
reproduction. It is also necessary that all components 
passing through the recorder should be delayed by the 
same amount. Ап equal delay of all component sine 
waves is achieved when the machine has a linear phase 
response over the required frequency range. If the 
phase response is non-linear components of the QRS 
complex will be delayed selectively and distortion will 
result. 

Filters can be used to eliminate noise without 
introducing distortion only if the frequency spectrum 
of the noise differs substantially from that of the 
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signal. An ideal filter attenuates noise considerably 
but has no effect on signals in the required passband. 
Baseline drift and respiratory artefact are at lower fre- 
quencies than the electrocardiogram. Muscle tremor 
has a range of frequencies overlapping the wanted 
signal, and a power line noise has a frequency that is 
higher than many contained in the electrocardiogram. 
Thus power line noise and baseline drift may be 
reduced or eliminated by filtering whereas muscle 
tremor can be reduced only slightly. 

To define standards for the design of amplifiers and 
filters we investigated separately the effects of an 
imperfect amplitude response and a non-linear phase 
response on normal and abnormal tracings. We also 
analysed the electrical characteristics of several com- 
mercially available electrocardiographs and monitors 
to show that equipment in routine clinical use may fail 
to meet these standards and may prevent accurate 
diagnosis. 


Methods and results 


Four methods were used to investigate the effects of a 
restricted amplitude response and phase non-linearity 
on electrocardiographic recordings. 

Method 1—The constituent frequencies of 50 nor- 
mal electrocardiographic signals were obtained using 
Fourier analysis. The effect of different filters on 
these signals was then simulated by changing the amp- 
litude of individual frequencies or introducing phase 
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Fig. 1 (a) А typical electrocardiographic complex together with its Fourier analysis. If the heart rate is 60 
beats min then harmome no 1 corresponds to a sinewave of 1 Hz, no 2 to 2 Hz, etc, up to 30 Hz. (b) The same 


complex with delayed low 


(note ST segment elevation). (c) The same complex with a 20% 


Á frequency components 
attenuation in amplitude at 1 Hz and a 10% reduction at 2 He. Little change in shape results, just a smaller Т wave. 


delays before reconstructing each waveform from its 
components. 

Method 2—-A circuit with an ideal amplitude 
response but a non-linear phase response (an ali pass 
filter) was constructed to investigate the distortion of 
the electrocardiogram caused by phase non-linearity 
alone. 

Method 3— The phase and amplitude characteris- 
tics of three ambulatory recorders, two electrocardio- 
graphs, and one monitor and recorder available com- 
mercially were determined, and the resulting signal 
distortion was noted. 

Method 4—The recorders of two machines under 
study were modified by improving their phase 
response to reduce the distortion. 


FOURIER ANALYSIS AND COMPUTER MODELLING 
(METHOD 1) 

As the electrocardiogram 1s a repetitive signal it may 
be regarded as a Fourier series or the sum of a series of 
sine waves related harmonically.! We estimated the 


size of the individual sine waves forming 50 different 
electrocardicgrams by breaking each waveform into 
its components using a fast Fourier transform 
algorithm and a microcomputer. A typical electrocar- 
diographic wavefórm (lead V2) together with its 
Fourier analysis is shown in Fig. l(a). The lowest 
frequency present is the reciprocal of the RR interval. 
T wave information is also of low frequency, «10 Hz, 
and the QRS complex has most of its energy in fre- 
quencies below 30 Hz. 

After transforming the waveforms into their fre- 
quency components we were able to investigate the 
effect of filtering on the original electrocardiogram by 
changing the magnitude and delay (or relative phase 
angle) of individual harmonics or groups of harmon- 
ics. Once modified, the frequency components were 
reassembled using the microcomputer and the results 
compared with the original waveform (Figs. 1(b) and 
1(c)). 

Phase delays of the lower frequency components 
caused errors, predominantly in the ST segment. As 
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the ST segment is particularly important for the diag- 
nosis of ischaemic heart disease we divided it into four 
and measured the mean and maximum distortion for 
each section. The amount of distortion produced 
depended on the degree of non-linearity introduced 
and the amplitude of the low frequency harmonics in 
the original signal. Waveforms with large T waves and 
ST segment elevation or depression were distorted 
more than waveforms with small T waves and isoelec- 
tric ST segments. Low frequency delays (or phase 
lags) produced early ST segment elevation and termi- 
nal T wave inversion in leads with a dominant S 
wave—for example, the anterior chest leads (Fig. 
1(b))—and plane ST segment depression in leads with 
a dominant R wave. 

In contrast, the waveform was insensitive to 
changes in amplitude response and attenuation of low 
frequency components without phase changes 
resulted only in a loss of T wave amplitude. An 
attenuation of 20% in amplitude of the first harmonic 
caused less than 0-05 mV distortion (Fig. 1(c)). 


THE ALL PASS FILTER (METHOD 2) 

The independent effect of phase and amplitude 
response was also shown by passing electrocardio- 
graphic signals through an “all pass" filter. This 
device had a uniform amplitude response but a non- 
linear phase response, passing low frequencies with a 
longer delay than high ones. When incorporated into 
the electrocardiograph this circuit produced ST 
changes resembling those of myocardial injury (Fig. 
2). The modified machine still met the American 
Heart Association's specification for the frequency 
response of electrocardiographs. 
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PHASE RESPONSE OF COMMERCIALLY AVAILABLE 
MACHINES (METHOD 3) 

We evaluated the phase and amplitude characteristics 
of three ambulatory recorders, two electrocardio- 
graphs, and one defibrillator/monitor, which had been 
modified by the manufacturer to perform a 12 lead 
electrocardiogram. 

The amplitude response of a hard copy electrocar- 
diographic recorder is easy to determine: a sine wave 
of variable frequency but fixed magnitude (1 mV peak 
to peak) may be applied to the input of the device and 
the usual pen recorder used to draw the output on 
paper. The relative amplitude of the inscribed trace 
for different input frequencies can then be plotted. 
Phase response is more difficult to measure as the 
output of a recording system, a line on paper, is of 
different physical form from the input signal, an elec- 
trical voltage. In ambulatory recordings the time sep- 
aration and the difference in the speed of the tape 
between recording and replaying further complicate 
the measurement of phase response. 

To overcome these problems phase was measured 
using the technique described by Wagner.” The input 
signal was formed from a sine wave and its third har- 
moric. If the system under test had a linear phase 
response both frequencies would be delayed by the 
same amount and the output would not be distorted. 
If there was phase non-linearity distortion would 
occur. Measurement of the resulting distortion indi- 
cated the phase response of the device.? 

Results for the machines that we assessed are shown 
in the Table, and responses for the ambulatory 
monitors appear in Fig. 3. The peak in amplitude 
response at 0-3-0-5 Hz by the recorders that used the 





Fig.2 (a) An electrocarchographic signal recorded without phase delay, and (b) the same signal with phase distortion 


but ith amplitude response unchanged 
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Table Characteristics of electrocardiographs tested 
Clamned to meet Measured Phase Electrocardiogram Baselne 
AHA's amphtude тероте* distortion stability 
specification response 
Electrocardiogra ographs: 
VS4 (Cambridge) Yes To AHA's specificanon § Satisfactory None Poor 
Mangograf Minor (Siemens 
Elema) Yes To AHA’s specification Sausfactory None Poor 
Ambulatory recorders’ 
Medilog I/PBI (Oxford No Peak at 0-4 Hz, rapid Poor Pronounced Satisfactory 
Instruments) low frequency fall off 
Мейов IUPBA (Oxford Yes To AHA’s specification Satisfactory Loss of R wave Fair (wave and 
ments) at low uencies noise) 
тозагиро П (Reynolds Yes Peak at 0 3 Hz, rapid SatsZactory Some R wave Poor 
Medical Electronics) fall off (see Fig 3) (see Fig. 3b) attenuation 
Monitor/ Defibrillator 
DMS 600 (Sumonsen and 
sic Weel) No 30% down at 0-5 Hz Poor Pronounced Satisfactory 
mtor 
Meddars Diagnostic Yes То AHA’s specification Satisfactory None Poor 





* Phase response was sansfactory if the non-hneanty was less than 6° over the physiological range of frequencies or poor if the non-linearity 


prodiced ai appreciable distortion of the electrocardiogram. 
AHA, American Heart Association 
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Fig.3 (a) Amphtude response and (b) relative phase response 
for three ambulatory recorders. LF , low frequency. 





direct recording method (Tracker and Medilog 1) was 
due to mechanical design of the tape replay heads and 
increased recorded noise, such as respiratory artefact, 
at this frequency. This occurred despite one manufac- 
turer claiming that his machine met the American 
Heart Association's specification.^ The recorder 
amplifiers may have met this specification, but the 
overall record replay system did not. The amplitude 
response of the electrocardiographs and the Medilog 
ILPB4 recorder system met the American Heart 
Association's specification, though some examples of 
the Medilog II produced excessive electrical noise, 
which made ST segment shifts difficult to measure. 
Phase distortion began to occur with all machines at 
frequencies within the physiological range, above А-А 
(Fig. 3(b)), but was most noticeable with the Medilog 
I and the DMS 600. 


MODIFICATION OF RECORDERS TO REDUCE 
DISTORTICN (METHOD 4) 

The distortion produced by the Medilog I/PB1 system 
was reduced by modifying its phase response. This 
was achieved in two ways. Firstly, a phase compensat- 
ing network was inserted after the replay amplifier. 
This reduced distortion (Fig. 4) but increased low 
frequency amplification and so impaired baseline stab- 
ility. Secondly, the tape was replayed backwards. 
Low frequency components that had suffered delays 
in recording were similarly delayed in the opposite 
direction on replay thus noticeably reducing phase 
distortion.: The amplitude response was unchanged 
by this procedure, which resulted in a great improve- 
ment in recording quality (Fig. 4) but made timing of 
events difficult. 
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Fig. 4 Effect of phase distortion on electrocardwograms (a) recorded on a high quahty electrocardtograph, (b) with the same 
signal recorded on a Medilog 1, (c) recorded on a Medilog 1 wath phase correction , and (d) recorded on a Medilog 1 with the 
tape replayed backwards and inverted. Replaying the tape backwards had no effect on amplitude response but improved the 
phase response. (Copynght © 1983 IEEE.) 


The phase response of the DMS 600 monitor was 
also improved by circuit changes made by the man- 
ufacturers. These changes reduced distortion but 
impaired low frequency stability by aliowisg the 
amplification of unwanted noise. 


Case reports 


The DMS 600 defibrillator/monitor analysed above 
has been carried by resuscitation ambulances in the 
Brighton area since 1973. Although primarily a high 
performance arrhythmia monitor, it is capable of 
recording a full 12 lead electrocardiogram. (A diag- 
nostic trace recorded before admission to hospital can 
show important changes that aré absent on later 
records.) We have, however, observed several 
instances of artefactual ST segment elevation or 
depression in electrocardiograms recorded by this 
machine. These artefacts simulated changes seen in 
disease states, led to additional investigations, and 
made diagnosis difficult. We present six cases in 
which distortion produced by such a machine 
impeded diagnosis. 

CASE 1 

A 33 year old man presented with central chest pain 
lasting for 45 minutes. Results of electrocardiography 


performed in the ambulance showed anterior ST seg- 
ment elevation. Repeat electrocardiograms in hospital 
were normal apart from minor lateral T wave changes, 
and there was no increase in cardiac enzyme activity. 
А week later he developed a second attack of pain, 
again with anterior ST segment elevation shown on 
the electrocardiograms recorded in the ambulance. 
Diagnostic quality traces were unchanged (Fig. 5(a)). 
An exercise stress test was normal with good exercise 
tolerance and satisfactory blood pressure response and 
his lateral T waves had returned to normal. А tech- 
пепшп scan and subsequent coronary angiography 
were also normal. 

Having failed to find any abnormality in the patient 
we examined the electrocardiograph in the ambulance 
as described above. In addition, we noted that a com- 
puter generated electrocardiogram with isoelectric ST 
segments suffered distortion when recorded by the 
unmodified DMS 600. In a further experiment the 
electrocardiogram of this patient was reconstructed by 
digitising his hospital recordings and using a MINC 
computer (Digital Equipment Corporation) to recre- 
ate the electrical waveform. The recreated signal was 
recorded simultaneously by a VS4 electrocardiograph 
and the DMS 600. Artefactual ST segment changes 
are clearly visible (Fig. 6). 
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Fig. 5 Anterior complexes recorded fram cases 1-6 labelled (a) to (f) respectively. The electrocardwgram recorded 
in the ambulance is shown on the left, recordings of diagnostic quality on the right. 


CASE 2 

А 73 year old woman had suffered from exertional 
angina for 10 years and hypertension with dizzy spells 
for one year. On admission her chest pain was relieved 
by treatment with glyceryl trinitrate; she then col- 
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Fig. 6 Electrocardiograms recorded (а) m the ambulance , (b) 
in casualty, (c) reformed and recorded on VS4, and (d) reformed 
and re-recorded 


(d) are simultaneous recordings of the same signal performed on 
different machines. 


lapsed. The electrocardiogram taken in the ambu- 
lance showed ST segment elevation in leads V2 and 
V3 and ST segment depression in the lateral chest 
leads (Fig. 5(b)). A repeat trace one hour later by a 
diagnostic quality electrocardiograph was normal 
apart from left axis deviation and plane ST segments 
in V5 and V6. Physical examination was normal 
except for mild hypertension. No increase in cardiac 
enzyme activity was seen. An erroneous diagnosis of 
Prinzmetal’s angina was made initially in this patient. 


CASE 3 

A 35 year ald man developed a sudden attack of chest 
pain while situng an important examination. The pain 
radiated to his throat and was associated with paras- 
thesiae in his left arm. There was no relevant medical 
or family history. Physical examination was normal. 
The electrocardiogram taken in the ambulance 
showed ST segment elevation in the anterior leads, 
but subsequent inpatient electrocardiograms were all 
normal (Fig. 5(с)). An exercise stress test was normal, 
and a gated technetium scan showed normal wall 
motion wiih an ejection fraction of 53%. 


CASE 4 

A 34 year old man developed pain over his left chest 
radiating to his left arm while lifting a heavy girder. 
He drank three quarters of a bottle of gin with no 
relief. On examination he had a tender chest wall, and 
the pain was reproduced by external rotation of his 
arm. The electrocardiogram taken in the ambulance 
showed ST segment elevation in the anterior leads 


Artefactual ST segment abnormalities due to electrocardiograph design 


with lateral ST segment depression. The trace taken 
in the accident and emergency нш was nor- 
mal (Fig. 5(d)). 


CASES 

A 73 year old man with hypertension had a 12 hour 
history of episodes of pain relieved by treatment with 
glyceryl trinitrate. Physical examination was normal 
apart from mild hypertension (160/80 mm Hg). The 
electrocardiogram recorded ín the ambulance showed 
ST segment elevation in the anterior leads (Fig. 5(e)). 

The trace recorded in the accident and emergency 
department showed inferior ischaemia only. Cardiac 
enzyme activity and results of other routine biochemi- 

cal tests were normal, and an exercise stress test 
showed further inferior ischaemia with no anterior 


changes. 


CASE 6 

А 65 year old man was diagnosed as having aortic 
valve disease in 1979. As his angina and dyspnoea 
worsened he was entered on a waiting list for cardiac 
catheterisation. On admission he had experienced 
severe chest pain, which had not been relieved by 
treatment with sublingual nitrates. An electrocardio- 
gram recorded in the ambulance showed ST segment 
elevation; the trace recorded in the accident and 
emergency department was normal. We immediately 
repeated the recording using the machine in the 
ambulance and again produced artefactual ST seg- 
ment elevation (Fig. S(f)). Cardiac enzyme activity 
failed to show a diagnostic increase. 


Discussion 


It is important that diagnostic equipment should give 
reliable information with minimal chance of error. 
There should be no need to question whether the 
information is an artefact or real. It is also important 
both that the performance of equipment is defined 
and that manufacturers' claims of function and accu- 
racy are validated. 

We investigated the effect of a non-linear phase 
response on the electrocardiogram both theoretically, 
with computer modelling and an all pass filter, and in 
practice, with ambulatory recorders and a monitor 
defibrillator. We showed that phase distortion may 
cause electrocardiographic changes similar to those 
seen in disease states and that this may cause difficul- 
ties in diagnosis. Only by repeating recording signals, 
as in cases 1 and 6, could we prove that the electrocar- 
diographic changes seen in the six cases were not due 
to transient myocardial ischaemia; but the observa- 
tions in all are persuasive. 

The effect of filtering on the electrocardiogram was 
investigated by Pipberger et al, Berson and Pip- 
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berger, and Meyer,®~§ and this work led to the cur- 
rent American Heart Association's recommendation 
for electrocardiographs.? They used simple analogue 
filters and did not attempt to separate amplitude and 
phase effects. Current standards specify that the gain 
of the machine should be substantially constant down 
to 0-14 Hz, should be not less than 3096 of the mid- 
frequency gain at 0-05 Hz, and should fall only slowly 
at lower frequencies. Unfortunately, these recom- 
mendations make no mention of phase response, and, 
as we have shown, it is possible to build circuitry that 
wil meet these specifications but will still produce 
gross distortion of the electrocardiogram. 

The extended amplitude response at low frequen- 
cies suggested by the American Heart Association 
does not allow effective attenuation of low frequency 
noise such as respiratory artefact. This causes 
difficulty when monitoring active subjects or in elec- 
trically noisy situations such as the catheter laborat- 
ory. As the electrocardiogram is repetitive it should 
contain no frequencies lower than the reciprocal of the 
RR interval. Several authors support this view,!0-!? 
and Hyndman produced experimental evidence to 
suggest that there are no components in a normal elec- 
trocardiogram with frequencies lower than 0-5 Hz. 
Our results using the all pass filter confirm this opin- 
ion. 

Simple analogue filters produce phase distortion at 
frequencies up to 10 times greater than those at which 
significant amplitude attenuation occurs. The Ameri- 
can Heart Association therefore specifies a frequency 
of 0-05 Hz for the 30% amplitude attenuation point in 
an attempt to ensure minimal phase distortion at 0-5 
Hz and above. Equipment contains more than simple 
filters, however, and it is naive to suggest that by 
specifying such an amplitude characteristic the phase 
response will necessarily be linear over the physiologi- 
cal range. Indeed the all pass filter will have no effect 
on the amplitude response but may produce gross dis- 
tortion of electrocardiographic signals. Phase distor- 
tion is particularly serious as it causes changes 
resembling ischaemia. Moreover, these changes may 
not always be present as they depend on the mor- 
phology of the displayed electrocardiogram. 

Ambulatory recorders were developed inutially for 
arrhythmia monitoring and only later used for ST 
segment analysis. In arrhythmia monitoring P waves 
and QRS complexes are of prime consideration, and T 
wave fidelity may be sacrificed to achieve a stable 
baseline in ambulatory subjects. Several of the re- 
corders have been criticised when used to monitor ST 
segments,'!4 and Bragg-Remschel et al reviewed sev- 
eral different types showing many with pronounced 
phase non-linearity and peaks in their amplitude 
responses. !5 

The electrocardiograph that distorted the traces of 
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our patients had an amplitude response that had 
decreased by 30% at 0-5 Hz. This decrease on its own 
would have caused less than 0-02 mV distortion of the 
ST segment, but the phase response was noticeably 
non-linear at frequencies contained within patients’ 
electrocardiograms. It was therefore phase effects that 
caused the distortion rather than a poor amplitude 
response. 

In analogue filters phase and amplitude responses 
are often linked but digital filters using micropro- 
cessor techniques can be designed with both a linear 
phase response and amplitude characteristics that 
provide superior noise reduction. !6 !7 

We propose that an ideal electrocardiograph should 
have the following characteristics: (a) flat amplitude 
response from 05 Hz to 75 Hz (to cover the 
physiological range of frequencies); (b) no response 
below this frequency to minimise noise; and (c) linear 
phase response from 0-5 Hz to 75 Hz. This ideal is 
impossible to realise at present, but the specifications 
for electrocardiographs, including the International 
Electrotechnical Commission draft specification,}8 
should be changed in order to encourage future 
developments. Several electrocardiographs do incor- 
porate digital filtering and at least two of them claim 
to have a phase response that is linear. 

An extended amplitude response should not be 
relied upon in an attempt to ensure phase lineanty 
over the physiological range. A more limited am- 
plitude response improves baseline stability and need 
not increase distortion provided the phase response is 
satisfactory. We have insufficient data to recommend 
guidelines for the magnitude of the variation allowed 
from the ideal linear phase response. Nevertheless, 
both phase and amplitude responses of a recorder 
should be specified as the phase reponse of an elec- 
trocardiograph is as important, if not more so, than its 
amplitude response. 


We thank patients and staff at the Royal Sussex 
County Hospital, Brighton, for their cooperation, and 
Dr D A Chamberlain, Dr D J Woollons, and Dr M J 
English for their helpful advice. DIT received sup- 
port from the British Heart Foundation as junior 
research fellow for much of this study. Fig. 4 is 
reproduced by kind permission of the Institute of 
Electrical and Electronics Engineers, Inc. 
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Acute coronary occlusion during percutaneous 
transluminal coronary angioplasty 
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SUMMARY Two hundred and forty percutaneous transluminal coronary angioplasty procedures were 
performed in three centres over a two year period. Acute occlusion of the vessel undergoing angio- 
plasty was seen on 20 (896) occasions. The cause of occlusion was determined angiographically and 
in some cases confirmed at the time of emergency open heart surgery. The mechanism of coronary 
occlusion was arterial dissection in six cases, persisting coronary arterial spasm in seven, and coronary 
thrombosis in four. In three patients the mechanism could not be determined. Immediate rein- 
troduction of a balloon dilatation catheter was attempted in 10 patients and resulted in restoration of 
adequate coronary flow in six. The remaining 14 patients underwent open heart surgery as an 


emergency procedure. 


Percutaneous transluminal coronary angioplasty is 
now an accepted treatment for patients with angina 
and technically suitable coronary artery lesions. A 
major acute complication is coronary occlusion. 
Although this may be treated medically, emergency 
bypass grafting is often performed in the hope of 
myocardial salvage. In order to reduce the incidence 
of acute occlusion during percutaneous transluminal 
coronary angioplasty and rationalise its management, 
this review was undertaken to identify the mechan- 
isms responsible for this complication. 


Patients and methods 


The first 240 percutaneous transluminal coronary 
angioplasty procedures in the three cardiothoracic 
centres were reviewed to determine the incidence of 
acute coronary occlusion. There were 209 patients 
(171 male and 38 female, a sex ratio of 4-5 to 1), whose 
ages ranged from 29 to 69 (mean 50) years. Table 1 
shows the distribution of coronary arteries affected 
and the overall success and complications. All except 
five patients underwent angioplasty of one coronary 
artery per procedure. 
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Table 1 Distribution of coronary arteries affected and outcome. 
Figures are numbers (%) 








All procedures Acte occlusions 

No of procedures 240 20 
No of patients 209 20 
Male/female (ratio) 171/38 (45:1) 11/9 
Age range (years) 29-69 (mean 50) 38-63 (mean 50) 
Target vessels: 

LAD 147 12 

RCA 64 7 

Сх 13 1 

Vein grafts 10 — 
Primary success 182 (76) — 
Emergency CABG 16 (6-6) 13 
Death 3 (1-3) 2 





LAD, left anterior descending artery; RCA, right coronary artery: 
Cx, circumflex artery; CABG, coronary artery bypass graft. 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY 

Percutaneous transluminal coronary angioplasty was 
performed from the femoral route using a standard 
technique.! ? Steerable balloon catheters with a freely 
movable guide wire were used in 128 of the 240 cases. 
All procedures were performed in the cardiac 
catheterisation laboratory under local anaesthesia. 
Before angioplasty patients received three days 
treatment with aspirin 300 mg daily, dipyridamole 
100 mg three times daily, nifedipine 10 mg three 
times daily, and long acting nitrates. Intracoronary 
glyceryl trinitrate was given as 200-306-ug.in 2-3 ml 
of saline immediately before ballon passage and be- 
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tween periods of balloon inflation as appropriate. In 
addition, nitrate was given during the procedure sub- 
lingually by transdermal patches or as an intravenous 
bolus of 5 mg isosorbide dinitrate at the start of the 
procedure. The precise dosage and route were dic- 
tated by patient tolerance. Anticoagulation during the 
procedure was with heparin 10 000 units intraven- 
ously at the start of the procedure with a further 5000 
units after one hour if necessary. 


ANGIOGRAPHIC ANALYSIS 

Acute occlusion of the target vessel was defined 
angiographically as a total lack of contrast 
opacification beyond the point of occlusion or abso- 
lute stasis of coronary flow where some distal 
opacification was present. None of the cases under 
consideration had total occlusion before the proce- 
dure. In every instance the acute occlusion that fol- 
lowed the procedure was recognised before the patient 
was returned to the ward. Angiograms were reviewed 
retrospectively and the mechanism of occlusion 
decided by consensus using the following guidelines. 

Coronary dissection—Patients with limited areas of 
coronary dissection related to balloon angioplasty not 
resulting in interference with coronary flow were 
excluded. Occlusion from dissection was recognised 
by multiple views of the obstructed vessel showing the 
presence of an extensive area of intimal elevation, 
extravasation of contrast medium, or persistent stain- 
ing of the vessel wall (Figs. 1 and 2). The diagnosis of 
arterial dissection was generally confirmed at the time 
of emergency bypass grafting, 

Coronary spasm—A tapering appearance of the site 
of occlusion in the absence of the above features sug- 
gestive of dissection was taken as probably due to 
coronary spasm (Fig. 3). Additional helpful features 
were partial and transient response to intracoronary 
nitrate injections. Only patients with occlusion 
despite repeated intracoronary nitrate administration 
were included in this study. In these cases no specific 
features were noted at the time of emergency surgery. 

Coronary thrombosis—Intracoronary thrombus for- 
mation leading to occlusion was diagnosed by the pre- 
sence of persistent intravascular filling defects associ- 
ated with coronary stasis. Distal branches may be 
faintly opacified with central filling defects, giving a 
ghosting appearance. All cases categorised as being 
due to thrombosis were confirmed at emergency oper- 
ation by the finding of thrombotic material in the ves- 
sel. 

Others— Three cases of acute occlusion showed 
none of the above angiographic features. 


Results 


Acute coronary occlusion was found in 20 patients 
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Fig Angiogams showing acute coronary occlusion secondary 
to dissection т a man aged 48 (case 1). (a) Shows a limited 
dissection initially adjacent to the site of stenosis . Minutes later 
the dissection ccused cessation of anterograde flow with only faint 
opacification of the distal lumen (b). A repeat procedure was 
unsuccessful . 


(nine women, 11 men) out of a total of 240 (8-396) 
procedures. Their mean age was 50 years, the age 
distribution being similar to that of the whole series of 
patients undergoing percutaneous transluminal coro- 
nary angioplasty. The distribution of affected arteries 
was left anterior descending 12, right coronary artery 
seven, and circumflex artery one, which was also not 
different from that present in the whole group ( Table 
D. Acute occlusion accounted for 14 of all 16 
emergency bypass graft operations and two of the 
three deaths. 


MECHANISM OF OCCLUSION 

The cause of acute occlusion was judged angiographi- 
cally to be due to dissection in six cases, spasm in 
seven, and thrombosis in four. No specific angio- 
graphic features were found in three patients. Table 2 
shows clinical features and outcome of the four groups 
of patients. Coronary artery bypass grafting was 
required for all four patients in whom occlusion was 
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Fig 2 Angiograms showing acute coronary occlusion secondary 
to dissection їп a woman aged 52 (case 4). (a) Shows a mid right 
coronary artery stenosis . During attempted passage of the balloon 
catheter contrast staining of the vessel wall was seen (b), and 
contrast injection showed occlusion with no effective anterograde 
flow (c). After a repeat procedure (d) anterograde flow was 
re-established (e), and a follow up angiogram at seven months 
showed no residual disease (f). 


due to thrombosis, in three in whom no definite 
angiographic features were seen, in four cases of dis- 
section, and in three cases of coronary spasm. Of the 
two deaths, one occurred in a patient with dissection 
and one in a patient with spasm, but in the last 
instance the spasm was complicated further by the 
formation of thrombus distal to the site of spasm. 
Non-fatal myocardial infarction occurred in five 
patients (25% of those with occlusion). In only four 
(20%) patients was clinical progress entirely uncom- 
plicated after acute occlusion with neither myocardial 
infarct nor emergency bypass graft. Three had severe 
spasm and one had coronary dissection. All four had a 


Fig 3 Angiograms showing acute occlusion caused by coronary 
spasm їп a woman aged 58 (case 11). After angioplasty of two 
sequential right coronary artery stenoses distal occlusion occurred 
with a tapering appearance suggestive of spasm (a). Response to 
nitrate treatment was inadequate , and a repeat procedure was 
performed (b). An immediate (c) and repeat angiogram at one 
week (d) showed a patent vessel . 





successful immediate repeat angioplasty for acute 
occlusion. 


STEERABLE AND NON-STEERABLE SYSTEMS 
There was no apparent difference in the incidence о! 
coronary occlusion whether steerable or non-steerable 
balloon catheters were used. Steerable systems were 
used in 54% of all patients undergoing the procedure 
(Table 1) and in 11 of the 20 (55%) cases of acute 
occlusion. Successful recanalisation after occlusion 
was more likely with steerable systems, being success- 
ful in five out of seven attempts. Only one of the three 
attempts at recanalisation with the non-steerable sys 
tem was successful. 


REPEAT ANGIOPLASTY 

A repeat procedure was attempted in three patients 
with dissection and was completely successful in one 
In another patient (case 3, Table 2) apparent angio- 
graphic recanalisation was followed by death after 12 
hours. From the postmortem findings it was thought 
likely that the false rather than the true lumen of the 
vessel was recanalised to provide a communication 
with the distal vessel. A repeat procedure was per- 
formed in five of the six cases of coronary spasm and 
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Table 2 Outcome of patients with occlusion due to coronary dissection, coronary spasm, and coronary thrombosis , and miscellaneous 
causes 
Case No Ageisex Vessel Catheter Repeat angioplasty CABG Outcome comments 
Coronary dis 
1 48/M RCA N-S Failed Yes No MI, home 
2 49/F LAD S NA Yes No MI, home 
3 471M LAD $ Apparent success No Died at 12 hours, necropsy 
` showed extensive dissection 
4 52/F RCA S Success No No MI, home; follow up at 7 
К months showed normal RCA 
5 55/Е LAD NES NA Yes No MI, home 
6 63/M , LAD $ МА Yes Perioperative MI, home 
Coronary 
7 56м LAD N-S а" No No МІ, follow up angiogram 
normal at 6 months 
8 38M: LAD N-S NA А П Yes No MI, home 
9 39/M RCA S Successful No No MI, home 
10 53/M LAD $ Successful No Clinical MI, home 
п 58/М RCA $ Successsful No No MI, follow up angiogram at 
one showed patent vessel 
12 57/Е АСА N-S Failed Yes Thrombus distal to spasm site, 
died 12 hours after 
13 44M RCA S Failed Yes No MI, home 
Coronary thrombosis з 
14 GM LAD N-S NA Yes MI, home 
15 4VF LAD S Failed Yes MI, home 
16 45/F RCA N-S NA Yes No MI, home 
17 SOF LAD N-S NA Yes No MI, home 
' МисеПатеоыз causes 
18 58M LCx N-S NA Yes No MI, balloon inflated proximal 
to stenosis 
19 49/M LAD S NA Yes MI, balloon inflated ın side branch 
20 36M LAD S NA Yes No MI, no obvious cause of 
usion 





N-S, non-steerable; S, steerable (balloon catheter system), CABG, coronary 
MI, myocardial infarct; LAD, left antenor descending; RCA, right coronary artery, 


was successful in four. Although one patient had 
myocardial infarction, none of the four required 
bypass grafting. Follow up for a mean of seven 
months after angioplasty showed good clinical results 
(Table 2). Of the two failed repeated procedures in 
this category, in one patient (case 12, Table 2) there 
was angiographic evidence of distal thrombosis forma- 
tion secondary to unrelieved spasm despite repeated 
balloon dilatation and maximal treatment with nitrate 
and a calcium antagonist. This patient died despite 
emergency bypass grafting. 

Repeat angioplasty was attempted in one case of 
coronary occlusion due to thrombus formation and 
was unsuccessful. All four patients with thrombotic 
occlusion and the three with non-specific occlusion 
underwent bypass grafting, and in these two sub- 
groups there were no hospital deaths. In two patients 
review of the angiograms suggested that the cause of 
the occlusion was malposition of the balloon at the 
time of inflation, either proximal to the lesion or in an 
immediate side branch. 


Discussion 


Acute coronary occlusion at the time of percutaneous 


bypass grafting (emergency); NA, not attempted; 
р left eir. 


transluminal coronary angioplasty often leads to 
further serious complications.>~5 In the National 
Heart, Blood and Lung Institute series reported by 
Cowley et al coronary occlusion accounted for 64% of 
myocardial infarcts, 93% of emergency bypass opera- 
tions, and 63% of inpatient deaths.5 Of the 20 cases 
reported here, 14 required emergency surgery, five 
sustained clinical myocardial infarctions, and two 
died. Only four (20%) patients had coronary occlu- 
sions resolved without any major complications or 
surgery. 

Simple occlusion without a definitive diagnosis of 
spasm or dissection occurred between 4% and 5% in 
the series reported by Kent er al? and Dorros et al.* 
When occlusion due to any cause is included, the 
incidence is between 996 and 1296 for these large series 
of cases. We defined occlusion complicating per- 
cutaneous transluminal coronary angioplasty as either 
the complete absence of vessel opacification by con- 
trast injection or a lack of anterograde flow in an 
opacified vessel. Our incidence of 8-396 is comparable 
to that in previous reports. 

Female patients were at higher risk from occlusion, 
occurring in mne out of 39 (23%) instances, whereas 
the risk in male patients was only 6-496. Four out of 
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six cases of occlusion from vessel dissection affected 
female patients. Age and the vessel involved did not 
appear to be a relevant factor. This observation again 
supports previous experience that the overall risk of 
percutaneous coronary angioplasty is higher in 


actual cause of acute occlusion at the time of the com- 
plication, and some of the cases were classified retro- 
spectively with the help of full screen projection of the 
cineangiograms. We have found the need for several 
projection angles to identify features such as intimal 
elevation in dissection and filling defects in thrombo- 
tic occlusion. From our limited experience, angiog- 
raphic diagnosis of the mechanism of occlusion seems 
to be helpful in the immediate management of the 
patient. 

Emergency bypass surgery was necessary in all our 
cases of thrombotiq occlusion. Although the use of 
streptokinase may prove useful, so far it has been used 
only to gain time їо prepare for emergency surgery. 
Some of our cases were due to prolonged procedures 
and too little anticoagulation. With rigid adherence to 
the recommended doses? and shorter procedure time 
with increased operator experience this complication 
may be reduced, 

Our experience of successful immediate repeat 
angioplasty in four out of six attempts in dealing with 
occlusion due to spasm accords with Hollman et ais 
report that emergency bypass surgery can often be 
avoided this way.” The role of repeat angioplasty in 
occlusion due to dissection js less well established. 
Repeat balloon inflation may maintain anterograde 
. flow by.pushing back the loose intimal flap. A major 
hazard in this approach-is canalisation of the false 
passage resulting in worsening of the dissection. The 
steerable system does|allow less traumatic exploration 
of the vessel with soft tipped wires than the balloon 
catheter and should be exclusively used for this pur- 
pose. F 


women.* 
Inour ied itis often difficult to establish the 
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In conclusion, we found acute coronary occlusion 
of the target vessel to be the single most important 
cause of morbidity and mortality with percutaneous 
transluminal coronary angioplasty. Angiographic 
diagnosis of the actual mechanism of occlusion was 
useful as it has a bearing on Ше subsequent manage- 
ment. More experience is required to define the role 
of immediate repeat angioplasty, but it appears to be 
indicated in cases due to spasm. Strenuous efforts 
should be made towards the prevention of occlusion 
from any cause complicating coronary angioplasty. 
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Effect of smoking habits and timolol treatment оп 
mortality and reinfarction in patients surviving acute 
myocardial infarction 


PER K RÓNNEVIK, TORSTEIN GUNDERSEN, A M ABRAHAMSEN 
From the Medical Department, Section of Cardiology, Central Hospital , Rogaland, Stavanger, Norway 


SUMMARY The Norwegian Multicenter Group Study noted the effect of smoking habits before and 
after myocardial infarction and their relation to mortality and reinfarction rate after treatment with 
timolol in patients surviving acute myocardial infarction. The mean follow up period was 17-3 (range 
12-33) months. No relation was found between initial smoking habits and risk category after 
infarction or between initial smoking habits and later outcome. At the time of their first infarct 
smokers were seven years younger than non-smokers. One month after infarction nearly 6096 of the 
smokers had stopped smoking completely. A significantly lower incidence of early cardiac death and 
lower total mortality was found in patients treated with timolol in both those who continued 
smoking and in the combined non-smoking groups and a significantly lower reinfarction rate among 
non-smokers. Cessation of smoking alone was associated with a reduced reinfarction rate by 4596 but 
a non-significant reduction in mortality by 2696. 

It is concluded that treatment with timolol and cessation of smoking have an additive effect in 


reducing mortality and reinfarction rate after myocardial infarction. 


The use of beta-receptor blockers after acute myocar- 
dial infarction has been found to reduce overall mor- 
tality.!7? The effect of smoking habits on mortality 
and reinfarction in these patients has, however, not 
been reported. In this report we present a detailed 
analysis of the Norwegian multicenter timolol trial! 
with respect to smoking habits before and after infarc- 
tion and their correlation with prognosis. 


Patients and methods 

А detailed description of the study design, eligibility 
criteria, follow up procedures, end point evaluation, 
data handling, and statistical methods has been pub- 
lished.! Treatment with timolol 10 mg twice daily was 
started 7-28 days after the onset of symptoms. The 
patients were stratified to three risk groups: group 1 
consisted of patients with recurrent myocardial infarc- 
tion with or without conditions for possible high risk; 
group 2 consisted of patients with a first myocar: 
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infarction and one or more of five high risk condi- 
tions!; and group 3 consisted of patients not at high 
risk (the remaining patients). 


STUDY POPULATION 

A total of 1884 patients were included in the study. Of 
these, 945 patients were randomised to treatment with 
timolol (752 men and 193 women), and 939 to treat- 
ment with placebo (732 men and 207 women). The 
patients were followed for 12-33 months (mean 17:3 
months). Smokers were given individual advice on the 
relation of continued smoking and their heart disease 
and were encouraged to stop. Smoking habits were 
assessed by an interview at each visit. 

Smoking data for the 12-296 of the patients with 
acute myocardial infarction who died before inclusion 
or for patients who were excluded from entry for 
other reasons were not recorded. 


CLASSIFICATION 

Patients were classified as non-smokers if they had 
never smoked, as ex-smokers if they had stopped 
smoking more than one month before the infarction, 
as new ex-smokers if they had stopped smoking after 
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Table 1 Imnal smoking habits in patients surveving myocardial infarction according to risk group. Figures are numbers (%) of 








patients 
Group 1 Group 2 3 Groups 
(n=352) (n=1091) Palen Prd (n= 1884) 
Smokers 151 (42-9) 613 (56 2) 241 (54 7) 1005 (53 3) 
Ex-smokers 131 (37-2 235 (215 106 (24 0) 472 (25 1) 
Non-smokers 70 (19 243 (22 3 94 (21-3) 407 (21-6) 
Smokers (grams of tobacco 
smoked): 
1-4 29 (19-2) 50 (8- 27 (11-2) 106 (10 5) 
5-14 83 (55 359 142 (58-9) 584 (58-1) 
15-24 (17 147 (24 24 (23 3) 
>25 12 (79) 57 (9 3) 12 (5:0) 81 (8:1) 
Duration of smoking (years) 
0-9 — 5(08) 1(04) 6 (0-6) 
10-24 14 (93) 78 (12 26 (108) 118 (11-7) 
25-39 45 (5 243 104 (43 2) 392 (39 0) 
>40 92 (60 287 (46 110 (45-6) 489 (48-7) 


the infarction for one month or more, and as smokers 
if they continued smoking. One cigarette was defined 
as 1 g of tobacco, one cigarillo as 2 g, and one cigar as 
5g. 


OUTCOME 

Early cardiac death was defined as death occurring 
without previous symptoms or within 24 hours of the 
onset of new symptoms of heart disease. 


Results 


SMOKING HABITS AND INFARCT 
CHARACTERISTICS 

Table 1 shows the smoking habits in the three risk 
groups of the patients surviving the acute stage of the 
myocardial infarction. One thousand and five patients 
(53-3%) were smokers before the infarct (59-496 of 
men and 31% of women), 472 (25%) ex-smokers, and 
407 (21-696) non-smokers. Of the smokers, 849 
(84-596) smoked cigarettes, nine (0.9%) cigarillos or 
cigars, and 147 (14-696) pipes. Of the smokers, 935 
(93%) inhaled and 70 (796) did not. The non-inhalers 
and pipe smokers were equally distributed among the 
risk groups, and because of the small number they are 
included in the smoker group in this analysis. 

Several hundred comparisons of patient charac- 
teristics within and among risk groups were made. 
The differences between the treatment groups tended 
to be small, and when the differences are adjusted for 
by the Cox regression model they did not influence 
the life table analyses. 

The total mortality in the placebo treated patients 
was highest in risk group 1 (17:896) followed by risk 
group 2 (13-696), and lowest in risk group 3 (5-496). 

The distribution of smokers, ex-smokers, and 
non-smokers was similar in risk groups 2 and 3, as 
was the amount of tobacco smoked and the duration 
of smoking. Of the smokers, 5996 smoked 5-14 g of 


tobacco daily, and 9-396 in risk group 2 and 5-096 in 
risk group 3 (not significant) smoked >25 g. Mean 
duration for smoking was 35-4 years (37-2 years for 
men and 27-4 years for women). Very few patients 
had smoked for less than 10 years (12 patients). 

In risk group 1 (recurrent infarction) there were 
significantly fewer smokers (p« 0-01) and significantly 
more ex-smokers (p«0-001) than in the other risk 
groups. Smokers with a recurrent infarction had a 
lower tobacco consumption than smokers with a first 
myocardial infarction. Of the smokers in risk group 2, 
8-296 had a low tobacco consumption of 1-4 g daily 
compared with 19-296 of smokers with a recurrent 
infarction (p<0-001). Twenty four per cent of smok- 
ers in risk group 2 compared with 17-996 in risk group 
1 (p«0-001) smoked 15—24 р daily. The ex-smokers 
(risk groups combined) had stopped smoking for a 
mean of 11-1 years before inclusion in the study and 
had been smoking for a mean of 28:4 years before they 
stopped. 

Smoking habits in patients surviving the acute 
phase of a first myocardial infarction therefore seem 
not to be correlated with high or low risk categories 
after myocardial infarction. Nevertheless, subjects 
with recurrent infarction have a lower tobacco con- 
sumption than those with a first myocardial infarc- 
Поп. Likewise we found no correlation between 
smoking habits at the time of infarction and later 
death. 

Age at inclusion in the study was correlated with 
smoking status. Smokers who survived their first 
complicated infarct (risk group 2) were 6-8 years 
younger than non-smokers (58-4 years us 65:2 years) 
and four years younger than ex-smokers. 


INITIAL SMOKING HABITS AND OUTCOME 

Table 2 shows the distribution, according to initial 
smoking habit, of the number of all deaths, early car- 
diac deaths, and non-fatal reinfarctions occurring dur- 
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Table 2 Frequency distribunon of deaths and retnfarctions by initial smoking status іп patients reated oath placebo (Р) or timolol 


(T). Figures are numbers (%) of patients 





Category Smoker Ex-smoker Non-smoker АП combined 
P T P T P T P T 
Total No of patents 493 512 234 238 212 195 939 945 
Deaths during treatment or within 
28 of withdrawal: 
y cardiac death 50 ер 28 (5:5)* 24 ut 9 8 8* 20 Ө 4 10(51) 95(101) 47(5 

All deaths 58 (11-8) 37 (7:2)* 34 (14 13(55** 25 (11-8) 17 (8:7) 117 (12-5) 67 (7-1 
Non-fatal reinfarcnons during treatment 

or within 28 days of withdrawal 58 (11-8) 48 (94)  38(162) 19(80)** 29(13-7) 13 (67)* 141(150) 88 (93у*** 


*p<0-05; **p<0-01; ***p<0 001. 


ing treatment or within 28 days of withdrawal from 
the study. The total number of deaths were 117 in the 
placebo group and 67 in the timolol group (p<0-001), 
a reduction of 43%. The number of early cardiac 
deaths was 95 in the placebo group and 47 in the 
timolol group (p<0-001). Overall mortality and the 
incidence of early cardiac death were significantly 
reduced in the ex-smokers (p« 0-01) and initial smok- 
ers (p«0-05) treated with timolol. The reduction in 
the number of early cardiac deaths and of ali deaths in 
the non-smoker group was not significant. We found 
no difference in the incidence of early death, all 
deaths, or reinfarction between timolol treated smok- 
ers and timolol treated ex-smokers or between 
placebo-treated smokers and placebo-treated ех- 
smokers. 

The number of initial reinfarctions was 141 in the 
placebo group and 88 in the timolol group (p« 0-001), 
a reduction of 3896. The incidence of initial reinfarc- 
tions was significantly reduced in the timolol treated 
ex-smokers (p«0-01) and in non-smokers (p« 0-05). 
The reduction in reinfarction rate among initial 
smokers treated with timolol or placebo was not 


significant. 


EFFECT OF CHANGING SMOKING HABITS 

Figure 1 shows the change in smoking habits during 
the first year of follow up in the two treatment groups. 
One month after the infarction the proportion of 
smokers had fallen from 52-596 to 21% in the placebo 
group, and from 54-7% to 22-7% in the timolol group; 
58-60% of the smokers had therefore stopped smok- 
ing completely. In this analysis we did not take into 
account the amount of tobacco smoked. The smoking 
pattern remained remarkably constant during follow 
up. A non-significant increase from 22-796 one month 
after inclusion to 25-9% after one year was found in 
the number of smokers in the timolol group. There 
was little crossover between the smoking groups. 
Only one initial non-smoker became a smoker later, 
and 16 ex-smokers started smoking again during the 
first year. Changes in smoking habits were recorded 
one month after the change had occurred. One 


hundred and ninety nine patients with a follow up of 
less than one month because of withdrawals (58 in 
placebo group, 81 in timolol group) or death (37 in 
placebo group, 23 in timolol group) were excluded 
from this analysis. A total of 1685 patients continued 
follow up, and Table 3 and Fig. 2 show the mortality 
and reinfarction rates, 

Overall mortality was highest in placebo treated 
smokers (11:396). Among those who continued smok- 
ing we found a significantly reduced incidence of early 
cardiac death in the timolol group compared with the 
placebo group (15 ws four, p<0-05), a reduction of 
75%, and of all deaths (20 us nine, p<0-05). In the 
non-smoking groups combined the reduction in inci- 
dence of early cardiac death was 47% (51 os 26, 
p<0-01) and of all deaths 4096 (60 us 35, p<0-05) in 
the timolol group compared with the placebo group. 
Among ex-smokers the reduction in the incidence of 
early cardiac death in the timolol group compared 
with the placebo group was 63% (19 vs seven р< 0-05) 
whereas that in the incidence of all deaths was not 
significant. Treatment with timolol of those who 
stopped smoking (new ex-smokers) was associated 
with a reduction in total mortality of 3996 (not 
significant) and early cardiac death by 3996 (not 
significant). In the placebo treated patients cessation 
of smoking was associated with a reduction in total 
mortality of 2696 (not significant). 

We found a significant reduction in the incidence of 
initial reinfarctions in ex-smokers (27 vs 13, p<0-05) 
and in all non-smokers combined (73 us 47, p<0-05) 
in patients treated with timolol. The reduction in 
incidence of reinfarctions among smokers was not 
significant (Table 3, Fig. 2b). Nevertheless, cessation 
of smoking reduced the reinfarction rate by 4596 
(p<0-05) in placebo treated patients. Twenty six 
(14-796) of 177 patients who continued smoking and 
22 (896) of 276 who ceased smoking had non-fatal 
reinfarctions during the study. In the new ex-smoker 
group the reinfarction rate was the same (896) with or 
without timolol treatment. А placebo treated con- 
tinued smoker had a more than twofold reinfarction 
rate compared with a timolol treated ex-smoker. 
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Fig. l Smoking habits during study in combined risk groups, treated with (a) placebo or (b) timolol. 


Discussion 


Of the men and women alive seven days after acute 
myocardial infarction and included in this study, 
59-496 and 3196 respectively were smokers. Of the 
total population of Norway at the time the study took 
place, 4496 of men and 3196 of women aged 16 to 74 
years were reported to be smokers.* The higher pro- 


portion of smokers in the study population probably 
reflects the fact that smoking 1s a primary risk factor 
for coronary heart disease, although we did not record 
smoking data for the 4896 of patients excluded out of 
the 3647 patients with myocardial infarction initially 
screened. Hospital mortality due to acute myocardial 
infarction has been reported to be higher 1n smokers 
than in non-smokers,’ decreasing the proportion of 


rable 3 Frequency distribution of deaths and reinfarctions from second month of follow up. Figures are numbers (%) of panents 


-ategory Smoker New ex-amoker 
. P T P T 
‘otal No of panents 177 191 276 275 
Deaths during treatment or 
nthin 28 of withdrawal. 
death 15 t 4(2D* 20 ТЗ) 12 (4-4) 

All deaths 20(1L3) 9 (47)* 23(83 14(5D 

lon-fatal remfarcnons during 


26 (14:7) 19 (99) 22(80) 22 (80) 


р<0 05, **р<0 01. 


= 


Ex-smoker Non-onoke Non-snolang groups combined 
P T P T P T 
204 207 187 168 667 650 
19 Nie 7(34* 12 Кү) 7(42) 51 (60 26 (4 0)** 
21(103) 10(48)  16(8 11(65) 60(9 35 (5-4)* 


27 032) 13(63* 24 (12-8) 12(71) 73 (12-3) 47 (7 2 
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Fig.2 (a) Total mortahty and (b) reinfarction rate according to 
smoking habit in patients treated with umolol or placebo. 
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smokers among survivors of myocardial infarction. 
The association of smoking with the development of 
coronary heart disease is well known.5^!* The risk of 
coronary heart disease increases with the increasing 
amount smoked irrespective of other known risk 
factors—for example, hypertension or increased 
plasma cholesterol concentrations.!5 The risk of coro- 
nary heart disease is unrelated to the years of exposure 
to smoking,® which suggests an immediate and non- 
cumulative effect of tobacco smoking on the incidence 
of coronary heart disease. 

In the present study the classification of patients 
into three risk groups probably correctly reflects the 
extent of myocardial damage.! Аз expected, the mor- 
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tality rate was highest in the patients with a recurrent 
infarction and lowest in patients with a first uncom- 
plicated myocardial infarction. We did not find any 
significant differences in inital smoking patterns in 
patients surviving a first myocardial infarction with or 
wıthout complications (risk groups 2 and 3). In risk 
groups 2 and 3, 56-2% and 54-7% respectively were 
initial smokers. The smoking pattern with regard to 
amount smoked or the duration of smoking was not 
different, although 9-3% of smokers in risk group 2 
smoked >25 cigarettes a day compared with 5% in 
risk group 3. The proportion of smokers was smaller 
in patients with a recurrent infarction than in patients 
with a first myocardial infarction, probably reflecting 
the effect of smoking counselling after their previous 
myocardial infarction. 

Smoking, together with serum lipid concentrations 
and blood pressure, is associated with the highest risk 
for coronary heart disease. Prospective epidemiologi- 
cal investigations have reported that smoking shows 
higher relative risk ratios among younger persons 
than older cohorts.?!! The strong relation between 
smoking habits and age of survivors after acute 
myocardial infarction in this study may partly be due 
to more smokers of advanced age dying in the acute 
stage. 

Several intervention studies have assessed the effect 
of stopping smoking in healthy persons. No 
significant effect of stopping smoking on death from 
coronary heart disease was reported by Rose and 
Hamilton and Rose et al.!6 1? The Multiple Risk Fac- 
tor Intervention Trial!? and the World Health Organ- 
isation European Collaborative Group!? reported а 
significant reduction in coronary heart disease and 
mortality when risk factors such as hypertension, 
smoking, high plasma cholesterol concentrations, and 
weight were reduced. A report from the Framingham 
Study showed that men who gave up smoking 
reduced their risk of coronary heart disease by a 
half.!! Nevertheless, those subjects over 65 years 
derived no such benefit from giving up smoking. The 
Oslo Study Group reported a significant reduction in 
the incidence of myocardial infarction and sudden 
cardiac death when high serum cholesterol concentra- 
tions were controlled and smoking was reduced.?° 

Cessation of smoking after myocardial infarction is 
associated with a significant reduction in cardiovascu- 
lar mortality.?!725 A 61% reduction in the mortality 
rate over a six year period was reported from the 
Framingham Study,?9 and а 5596 lower 13 year mor- 
tality in those who stopped smoking after an episode 
of unstable angina or myocardial infarction compared 
with those who continued smoking was reported by 
Daly et al.>° In all risk groups combined we found a 
highly significant reduction in total mortality and the 
incidence of early deaths in patients treated with 
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timolol. Although the observed reduction in total 
mortality of 26% in those who stopped smoking (and 
treated with placebo) did not reach statistical 
significance, it accords with the findings of earlier 
intervention studies. 

Our analyses further suggest that the reinfarction 
rate is significantly lower among initial smokers who 
stop smoking and among initial non-smokers who are 
treated with timolol after the infarction. 

Although assessment of the effect of treatment in 
separate subgroups should be regarded with caution, 
our observations suggest that the cessation of smoking 
enhances the effect to timolol treatment on mortality 
after acute myocardial infarction and is essential in 
substantially reducing the reinfarction rate. 


We thank Leo Giezendanner for statistical assistance. 
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Role of transient ischaemia and perioperative 
myocardial infarction in the genesis of new septal wall 
motion abnormalities after coronary bypass surgery 
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SUMMARY To evaluate the role of ischaemia in the genesis of new septal wall motion abnormalities 
after coronary artery bypass surgery 45 patients were studied by cross sectional echocardiography 
before and 8—10 days after operation. Regional left ventricular wall motion was classified as normal, 
hypokinetic, akinetic, or dyskinetic. Septal wall motion abnormalities were correlated with elec- 
trocardiographic Q wave changes and serial serum MB creatine kinase measured before and 4, 7, 21, 
48, and 72 hours after operation. Of the 14 patients who developed new septal wall motion abnor- 
malities after operation two developed septal akinesis (both had perioperative infarction) and one 
new dyskinesis in the previously akinetic septal segment. Of the 11 patients with new septal 
hypokinesis, eight had normal serial creatine kinase MB values, two had raised values peaking four 
and seven hours after operation, with a return to normal values at 2] hours indicating transient 
ischaemia, and one had enzymatic criteria for perioperative infarction. 

Most new echocardiographic septal wall motion abnormalities after coronary artery bypass graft- 


ing are not caused by transient ischaemia, perioperative infarction, or generalised cell necrosis. 


A high incidence of new echocardiographic septal wall 
motion abnormalities has been detected after valvar 
heart surgery and coronary bypass surgery.!~> The 
mechanisms underlying such new septal wall motion 
abnormalities are, however, controversial. Some 
workers stress the role of pericardiotomy with secon- 
dary loss of pericardial restraint in the origin of these 
abnormalities, while others favour perioperative 
ischaemia.? 

The purpose of this study was to define the impor- 
tance of transient myocardial ischaemia and 
perioperative myocardial infarction in the causation of 
new echocardiographic septal abnormalities after 
coronary artery bypass surgery. 


Patients and methods 


Sixty three consecutive patients admitted for coronary 
artery bypass graft surgery were studied with cross 
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sectional echocardiography. Patients with unstable 
angina, left ventricular aneurysm, and additional 
non-coronary heart disease were excluded. Forty five 
(71%) patients (42 men, three women; age range 
38-65 (mean (SD) 51 (7) years) had technically satis- 
factory cross sectional echocardiograms, defined by 
the visualisation of septal left ventricular wall seg- 
ments in at least three left ventricular short axis and 
one apical two chamber views. Thus 18 patients. were 
excluded because of technically inadequate preopera- 
tive echocardiographic studies. 

Patients in the study group had exertional angina 
and severe two and three vessel coronary disease. Of 
these, 24 had a previous history compatible "with 
myocardial infarction, and 27 had regional wall 
abnormalities on left ventricular angiography (right 
anterior oblique single plane). None had symptoms or 
physical signs of right or left heart failure. 

Each patient admitted to the study underwent (а) 
routine 12 lead electrocardiography 24 hours before 
cardiac surgery and 8-10 days postoperatively, ©) 
cross sectional echocardiography 24 hours before and 
8-10 days postoperatively, and (c) cardiac enzyme 
estimation, specifically of creatine kinase MB, before 
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operation (within 12 hours) and 4, 7, 48, and 72 hours 
after the end of cardiopulmonary bypass. 


CARDIAC SURGERY 

The surgical technique consisted of a median ster- 
notomy and institution of cardiopulmonary bypass 
with bubble oxygenator, hypothermia (27—30°), and 
haemodilution (packed cell volume 20-25%). Pump 
flow was maintained at 2-0 l/m?. Cold potassium car- 
dioplegia was used for myocardial preservation. 
Reversed segments of saphenous veins were anastom- 
osed to coronary arteries as appropriate. Proximal 
anastomoses were placed on the aortic wall under par- 
tial aortic clamping and during rewarming of the 
patient. Each patient received between two and six 
grafts (mean 3-4) and 13 patients underwent grafting 
and endarterectomy. Mean aortic cross clamping time 
ranged from 25 to 85 (mean 46) minutes and bypass 
time ranged from 59 to 125 (mean 84) minutes. 


CROSS SECTIONAL ECHOCARDIOGRAPHY 
All studies were performed using a mechanical sector 
scanner (ATL Mark 1, Squibb Medical Systems) with 
a 2-25 MHz transducer. Each study was performed 
from standard parasternal, apical, and subcostal views 
and the patient was positioned to obtain the optimum 
images from each window. Images were recorded on a 
videotape for subsequent review and analysis. Each 
study was analysed by two independent observers. 
Where disagreement occurred a consensus was 
reached. Each study included at least three adequate 
short axis views in which more than 7596 of the entire 
endocardial and epicardial outline but including the 
septum was visible throughout systole and diastole. 
Segmental wall motion analysis was performed by 
dividing the left ventricle into five segment according 
to the classification of Kisslo er a/.5 In this analysis, 


anterolateral, posterior, inferior, apical, and septal 
segments are identified from the three different trans- 
ducer positions used.  Anterolateral, posterior 
inferior, and septal segments are analysed from the 
3—5 short axis views of the left ventricle recorded at 
the level of at least three of the following: (а) mitral 
valve leaflet; (b) papillary muscle tip; (c) papillary 
muscle body; (d) papillary muscle base; and (e) left 
ventricular apex. The apical segment is also assessec 
from the apical two chamber view. Regional left ven- 
tricular wall motion was graded for the septum by a 
modification of the terminology of Herman and Gor- 
lin: 3, normal; 2, hypokinetic; 1, akinetic; and 0, 
kinetic. As with qualitative angiographic analysis, 
wall motion in the septal segment was judged relative 
to the motion of other segments. 








CARDIAC ENZYME ESTIMATION 

Total creatine kinase activity was measured at 37°C by 
the Scandinavian recommended method with 
N-acetyl cysteine activation.” All the results of 
creatine kinase and creatine kinase MB assays were 
tabulated according to the time of collection and the 


mean and standard deviations were calculated. 





DEFINITIONS 

ECG evidence of myocardial infarction-—-Q waves 
broader than 0-04 s in precordial or inferior leads 
were considered to be abnormal.* 

Abnormal enzyme release—Creatine kinase MB 
release, indicating perioperative myocardial infarc- 
tion, was defined as a peak activity in the serum of 
750 ТОЛ within 21 hours of operation.’ The time of 
maximal creatine kinase MB activity was expressed in 
hours after the end of cardiopulmonary bypass. 
Transient reversible myocardial ischaemia was 
defined as a serum peak 240 ГОЛ 4-7 hours after 


Table Results in 14 patients with new septal wall motion abnormalities after coronary artery bypass surgery (CABG) 




















Echocardiography ECG Creatine kinase MB activity (IU il) 5 | 
Case Septal wall motion Pericardial prag Before After (how *) Findings after 
No effusi а —— — ABG 
Before After CABG 4 7 21 
1 Normal Hypokinetic  — 6 22 5 6 Normal wall motic 
2 Normal Hypokinetic + ST-T 2 0 13 4 Normal wall motion 
3 Normal Hypokinetic + 6 48 30 20 Transient ischaemia 
4 Normal Hypokinetic + ST-T 8 14 8 2 Normal wall motion 
5 Normal Hypokinetic + 10 10 2 4 Normal wall motion 
6 Normal Hypokinetic + 2 6 РА 6 Normal wall moños 
7 Normal Hypokinetic + ST-T 4 8 26 76 Myocardial infarction 
8 Normal Hypokinetic + 12 86 86 32 Transient ischaemia 
9 Normal Hypokinetic ~ ST-T 4 32 30 24 Normal wall moton 
10 Normal Akinetic ee ST-T 4 14 26 66 Myocardial infarction 
11 Normal Hypokinetic + ST-T 8 10 2 4 Normal wall motion 
12 Normal Hypokinetic + ST-T 4 20 28 4 Normal wall motion 
13 Akinetic Dyskinetic * 4 28 16 20 Normal wall motion 
14 Normal Akinetic = Qs (М1-У4) 10 14 2 124 Myocardial infarction 


*After the end of extracorporeal circulation. 
~, absent; +, present 
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operation with normal activity at 21 hours.? 

Меш postoperative septal motion abnormality was 
defined as a change in septal segment score of 21 in 
the postoperative echocardiographic short axis view 
showing the maximum change in wall motion score. 








Figure Cross sectional echocardiographic short axis view of the 
left ventricle at the level of the papillary muscle пр. (a) Diastolic 
and (b) systolic stop frames show the echocardiographic study 
quality required to detect the septal endocardial signal so that (a) 
endocardial motion and (b) wall thickening can be described. 
This figure represents the average study quality in a patient who 
was classified as having normal septal wall motion 
preoperanvely. 


Ribetro, Nihoyannopoulos , Farah, Moss, Westaby, Oakley, Foale 


STATISTICAL ANALYSIS 
Means and standard deviations were calculated in the 
usual way. Paired г tests were used to test the differ- 
ence between the means. 


Results 


ECHOCARDIOGRAPHY 

Of the 45 patients with technically adequate preopera- 
tive echocardiograms 34 had septal segments that 
showed normal regional wall motion. Figure 1 shows 
a typical normal study. Eleven patients had septal 
segments that showed abnormal wall motion. Of 
these, five had hypokinetic segments, four akinetic, 
and two dyskinetic. The preoperative regional wall 
motion index was 2-58 (0.84) (mean (SD)). After 
operation, the index for the 45 patients decreased to 
2-14 (0-83) (р< 0-001). Thirty (67%) septal segments 
were unchanged in the postoperative study, 14 had 
deteriorated, and one improved. 


Segments deteriorated (Table) 

Akinesis—Of the 14 septal segments that deterior- 
ated, two showed new akinesis after normal preopera- 
tive motion. Both patients had perioperative myocar- 
dial infarction based on creatine kinase MB criteria, 
but only one patient had new electrocardiographic О 
waves. 

Hypokinesis—Eleven segments became hypokinetic 
postoperatively after preoperative motion had been 
normal. Of these, eight had normal serial creatine 
kinase MB values after operation and two had an 
abnormal rise in enzyme activity without electrocar- 
diographic ST-T wave changes. Creatine kinase MB 
values peaked between four and seven hours in these 
patents but were within normal values at 21 hours, 
indicating transient ischaemia.'" In one of the 11 
patients activity peaked at 21 hours, and this patient 
was considered to have perioperative myocardial 
infarction.? 

Dyskinesis— One segment that had been akinetic 
before operation became dyskinetic. This patient had 
no electrocardiographic or enzymatic change. 

A total of 11 patients therefore had new septal 
abnormalities but no enzymatic or electrocardiog- 
raphic evidence of perioperative myocardial infarc- 
tion; nine had an associated mild or moderate pericar- 
dial effusion. 


Segments improved 

Only one preoperatively abnormal septal segment 
improved, from dyskinetic to akinetic. This was not 
associated with pericardial effusion or an abnormal 
rise in creatine kinase MB activity. Of the 10 other 
septal segments that were abnormal preoperativelv, 
none showed any change in the postoperative study. 
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Discussion 


We detected a high incidence (24%) of new septal wall 
motion abnormalities after coronary bypass surgery in 
our patients. Although ischaemic damage may have 
been responsible for septal hypokinesia in two 
patients and perioperative infarction may have occur- 
red in three patients, perioperative infarction and 
transient ischaemia were not the cause of most of 
these new septal abnormalities. Experimental studies 
have shown that brief periods of ischaemia can 
depress myocardial function. This injury is reversible 
with time, although the structural, metabolic, and 
functional properties of the myocardium may remain 
severely disturbed for days before recovery.!9 !! This 
phenomenon may explain the late normalisation of 
surgically induced septal wall motion abnormalities in 
one patient reported by Rubenson et al studied some 
weeks after operation.!? Our results, however, sup- 


port a recent radionuclide study of patients with . 


abnormal septal wall motion after coronary bypass 
surgery who had normal thallium-201 perfusion scans 
of this region.!? Our findings of normal enzyme pat- 
terns in most patients with new abnormal septal 
motion support the notion that factors other than 
ischaemia or infarction are operating. 

We found an association between septal 
hypokineasia and pericardial effusion. Several expla- 
nations for this phenomenon are possible. Septal 
hypokinesia has been reported in patients with con- 
strictive pericarditis and with major pericardial effu- 
sion.!415 In some of our patients therefore the pres- 
ence of a moderate sized pericardial effusion may have 
been responsible for the septal abnormality. We have 
also noted abnormal echoes that appear to represent 
organised clot in part of the anterior right ventricular 
wall in most patients after coronary artery bypass 
surgery. These clots may therefore contribute to the 
abnormal septal wall motion without there necessarily 
being an additional large pericardial effusion. Recent 
intraoperative echocardiographic studies suggest that 
the pericardiotomy itself is responsible for septal wall 
motien disturbances secondary to excessive anterior 
cardiac mobility.4 This finding is supported by 
reports that septal hypokinesia is seen in patients with 
congenital absence of the pericardium.!ó At our 
institution the pericardium is always left open but 
does not remain so since subsequent healing and a 
variable amount of epicardial and mediastinal adhe- 
sion inevitably occurs. This is consistent with the 
observation that most septal abnormalities tend to 
return to normal with time,!? and indeed Righetti 
et al speculated that postoperative adhesions could 
lead to late normalisation of septal wall motion.? 

Echocardiographic septal hypokinesia has also been 
reported after valve surgery.! Ventriculotomy cannot 
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be implicated as a possible mechanism since septal 
hypokinesia is not seen in patients undergoing mitral 
valvotomy.! Furthermore, septal abnormalities have 
been found in patients undergoing cardiac surgery 
without a ventriculotomy.! ? Although all our patients 
had septal hypokinesia or akinesia, none had associ- 
ated right ventricular volume overload or elec- 
tromechanical,'7  structural,!? or other patho- 
physiological!® conditions that are known to be 
associated with abnormal septal wall motion.” 

In two patients perioperative myocardial infarction 
resulted in new septal akinesia with an abnormal rise 
(>50 ГОЛ) ın serum creatine kinase MB activity 21 
hours after the end of cardiopulmonary bypass indi- 
cating irréversible myocardial damage.? A few of our 
patients with new septal hypokinesis showed an 
abnormal rise in creatine kinase MB activity peaking 
between four and seven hours but with normalisation 
at 21 hours indicating transient ischaemia. Creatine 
kinase MB is a very sensitve chemical indicator of 
myocardial damage, and abnormal rises in its acuvity 
are detected after episodes of stable and unstable 
angina.?° The qualitauve detection on single quantita- 
tion estimates of the enzyme by itself is, however, not 
specific for the diagnosis of perioperative infarc- 
tion.?! 22 Histochemical and untrastuctural studies 
have shown that the cellular changes after cardiopul- 
monary bypass grafting closely resemble changes seen 
after reperfusion of ischaemic regions. This 
ischaemic insult may result in changes in myocardial 
cell permeability,?4 which in turn could lead to a 
“stunned” septal segment.!? It is reasonable to sup- 
pose therefore that changes in membrane permeabil- 
ity promote cellular depletion of creaune kinase 
MB.?9 22 

In conclusion this study has shown that transient 
myocardial 1schaemia or generalised cell necrosis are 
not responsible for the majority of new septal wall 
motion abnormalities after coronary bypass graft 
surgery. New echocardiographic septal wall akinesia 
шау be a marker of perioperative infarction but 
appears to be most frequently associated with 
intrapericardial collections. 
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Does left ventricular aneurysmectomy improve 
ventricular function in patients undergoing coronary 
bypass surgery? 
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M C PETCH* 


From the Departments of *Cardiology and Nuclear Medicine, Papworth and Addenbrooke’s Hospitals , Cambridge 


SUMMARY Fourteen consecutive patients undergoing left ventricular aneurysmectomy and coronary 
artery bypass grafting were studied by multiple gated ventricular scintigraphy at rest and during 
exercise before and at six weeks and six months after surgery. All had congestive heart failure and 12 
angina pectoris. Before operation left ventricular ejection fraction fell significantly with exercise, as 
did the regional wall motion score. Six weeks after surgery all surviving patients were free of angina, 
with an improvement in functional class; the total exercise workload improved significantly, but 
resting left ventricular ejection fraction was unchanged; the regional wall motion score improved in 
both the anterior and left anterior oblique projections, although extensive areas of abnormal contrac- 
tion persisted. Exercise left ventricular ejection fraction improved significantly after operation at six 
weeks, and previous exercise induced abnormalities of regional contraction were abolished. Six 
months after operation angina pectoris had recurred in one patient, but there was no further change 
in ventricular function in the remainder. 

Although resting ejection fraction is not improved, symptoms, exercise workload, and exercise 
ventricular function can be improved by aneurysmectomy and coronary artery bypass grafting, but 


the respective contribution of these two procedures remains uncertain. 


Left ventricular aneurysm is a well recognised and 
important complication of myocardial infarction. The 
incidence after infarction varies widely, owing to dif- 
fering diagnostic criteria but is between 2% and 
1596.17^ Its clinical course is variable, carrying a poor 
prognosis with generally a high morbidity due to 
angina, congestive heart failure, or atrial arrhyth- 
піаѕ.5 6 Five year survival rates of between 1296 and 
27% have been reported,! ? and the mean time from 
infarction to death has been quoted at 4-8 years.’ 
More recent reports have shown an improved survival 
rate of 7196 at four years; there appears to be no dif- 
ference in the mortality rate between those patients 
with aneurysms and those without, given an equal 
degree of left ventricular dysfunction.? 

Since Cooley et al first described the successful 
excision of a left ventricular aneurysm? this operation 
has been widely performed in patients whose symp- 
toms have not been adequately controlled by medical 
treatment. Long term symptomatic improvement 
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after aneurysmectomy has been reported!°~!2 but not 
without an appreciable operative risk, the early mor- 
tality rate being 6-2296.9 12-14 Despite these reports 
of symptomatic benefit a need exists for more objec- 
tive studies of left ventricular function before and 
after surgery. 

The purpose of our prospective study was to assess 
left ventricular function in a consecutive group of 
patients referred for elective surgery of their postin- 
farction aneurysm and to correlate these findings with 
the symptomatic state of the patient. All had multi- 
vessel coronary artery disease and underwent addi- 
tional myocardial revascularisation. Patients were 
studied before and six weeks and six months after 
surgery by multiple gated ventricular scintigraphy 
both at rest and during dynamic supine exercise. This 
method provides a non-invasive, geometrically inde- 
pendent method of assessing serial left ventricular 
function. 


Patients and methods 
STUDY POPULATION 


Fourteen consecutive patients (13 men, one woman; 
mean age 51-7 (range 38-69) years) referred for elec- 
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tive surgery of postinfarction left ventricular aneur- 
ysm were studied prospectively. Nine patients pre- 
sented with symptoms of congestive heart failure and 
angina pectoris, three with angina, and two with con- 
gestive heart failure alone. No patient had detectable 
atrial arrhythmia or evidence of systemic embolism. 
Thirteen (93%) patients had electrocardiographic or 
enzymatic confirmation or both of previous myocar- 
dial infarction, with a mean of 1-4 (range 1—3) infarcts 
per patient, the last a mean of 17:5 (range 3—60) 
months before investigation. 

Eleven patients had severe proximal three vessel 
disease and 12 total occlusion of the left anterior 
descending coronary artery. Four patients had a 
250% left main stem stenosis (Table 1). All patients 
had a discrete anteroapical aneurysm diagnosed by 
contrast angiography. This was defined as the pres- 
ence of an akinetic segment outside the expected mar- 
gins of the left ventricle or a localised protrusion of an 
area of the left ventricle outside the expected margins 
during systole. No patient had associated mitral re- 
gurgitation. 

Medication was not withdrawn before the preopera- 
tive investigation owing to the risk of exacerbating 
symptoms.!5717 Table 2 shows the treatment given 
before and after surgery. 
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MULTIPLE GATED VENTRICULAR SCINTIGRAPHY 
Multiple gated ventriculography based on techniques 
previously described!® was performed at rest and dur- 
ing dynamic supine exercise. Imaging was started at 
the onset of symptoms—namely, angina, dyspnoea, 
fatigue, or electrocardiographic evidence of ischaemia 
(>1 mm ST segment depression). Blood pressure was 
recorded at rest and at one minute intervals through- 
out the exercise study; heart rate and cardiac rhythm 
were monitored throughout. The study was termi- 
nated if angina became progressively severe or 
haemodynamic deterioration or serious arrhythmia 
occurred. The same symptom limited protocol was 
repeated six weeks and six months after surgery. Data 
acquisition time was, on average, six minutes. 
Ventricular function was assessed both in terms of 
global ejection fraction and abnormalities of regional 
contraction.!5 Left ventricular wall motion was asses- 
sed in both anterior and left anterior oblique projec- 
tions by reviewing the scintigraphic data in a closed 
loop cine format. Semiquantitative assessment was 
performed by dividing the left ventricle into five seg- 
ments. In the anterior projection the ventricle was 
divided into znterobasal, anterolateral, apical, dia- 
phragmatic, and posterobasal segments. In the obli- 
que projection division was into proximal and distal 


Table 1 Distribution and percentage stenoses of proximal coronary artery disease and number of vessels subsequently undergoing 





coronary bypass grafting 
Case No Coronary anatomy (96 stenosis) Graft sites 
LMS LAD Cx RCA LAD Cx RCA 
1 — 100 75 Occluded 1 — 1 
2 50 100 75 75 — 2 — 
3 — 100 75 75 — 1 1 
4 — 100 75 75 — 1 — 
5 — 100 , 75 «50* — 1 — 
6 — 100 75 <50* — 1 1 
7 — 100 75 <50* — 1 — 
8 — 100 75 75 — 2 1 
9 100 — — 75 — 1 1 
10 — 90 75 100 — 1 1 
11 50 100 75 75 — 1 1 
12 — 100 75 75 — 1 — 
13. 50 90 75 75 — 2 — 
14 — 100 75 75 — — 1 





LMS, left main coronary artery, LAD, left anterior descending coronary artery; Cx, circumflex system; RCA, nght coronary artery. 
* Diffuse disease 


Table 2 Drug treatment before and after surgery ın panents undergoing left ventricular aneurysmectomy and coronary bypass grafting 


Digoxin 6 
Diuretics 6 
Beta blockers 8 
Calaum angoni 3 
Wi 5 
Long acting nitrates 8 








After surgery 
At 6 weeks (л =13) At 6 months (n=11) 
12 5 
13 9 
1 1 
1 же 
1 1 
7 5 
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Left ventricular function after aneurysmectomy 


septal, inferior, and proximal and distal posterolateral 
segments. Each segment was assigned a value ranging 
from 3 for normal contraction to 0 and — 1 for akinesia 
and paradoxical contraction respectively. The total 
regional wall motion score was obtained by the sum- 
mation of these segmental values in each projection. 


SURGERY 

Surgery was undertaken using cardiopulmonary 
bypass with cold cardioplegia and topical hypother- 
mia for myocardial protection together with moderate 
systemic hypothermia (30°C). Mean bypass time was 
91-7 (range 80-109) minutes and ischaemic time 69-1 
(range 48-139) minutes. At operation a discrete 
anteroapical aneurysm was confirmed in all 14 
patients. Excision of the aneurysm was undertaken 
leaving a cuff of scarred fibrous tissue distal to the 
demarcation between normal muscle and scar tissue in 
order to ensure adequate suturing on closure of the 
resulting ventriculotomy. 

All patients had coronary artery bypass grafting in 
addition to excision of the aneurysm. Twelve patients 
received grafts to the circumflex system, including 
eight with additional grafts to the right coronary 
artery (Table 1). 


STATISTICS 

All data are presented as arithmetic means (standard 
error of the mean (SEM)). Differences were tested for 
significance by the paired ¢ test and the Wilcoxon 
signed rank sum test. P values >0-05 were regarded 
as not significant. 





Rest 
Fig. 1 Left ventricular ejecnon fracnon (LVEF) response to 


Exerase 


exercise before left ventricular aneurysmectomy and coronary 
artery bypass grafting. Bars denote mean (SEM). 
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Results 


PREOPERATIVE INVESTIGATION 

Resting studies were performed in all 14 patients and 
exercise studies in 12. Two patients felt unable to 
perform the exercise study. The mean functional class 
(New York Heart Association criteria)!? was 3-1. 
Resting ejection fraction was 0-29(0-04). The exercise 
workload achieved was 1413(100) kpm (230-8(16-3) 
W). Seven patients were taking beta blocking drugs; 
their heart rate and systolic blood pressure rose from 
61 beats/min and 117 mm Hg to 66 beats/min and 
118 mm Hg respectively. Five patients were not tak- 
ing beta blockers; their heart rate and systolic blood 
pressure rose from 87 beats/min and 112 mm Hg to 
104 beats/min and 125 mm Hg respectively. The 
response to exercise in the patients before operation 
was abnormal, exercise ejection fraction falling to 0-24 
(0-04) (p« 0-006) (Fig. 1), representing a relative fall 
in ejection fraction during exercise of 18-9(5-4)96. 
Likewise the regional wall motion score fell from 2:8 
(0-5) at rest, to 1-2(0-5) during exercise (:p<0-001). 
Ten patients showed exercise induced abnormalites 
of regional contraction confined to the posterolateral 


100 





Before 


After 


Fig.2 Change in NYHA funchonal class before and after (six 
weeks) operation. 
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wall. Two patients showed no deterioration in re- 
gional contraction during exercise but both had a fall 
in global ejection fraction. No serious arrhythmias 
were encountered during exercise. 


POSTOPERATIVE INVESTIGATIONS AT SIX WEEKS 
One patient died three days postoperatively of a 
myocardial infarction sustained during the periopera- 
tive period, giving a hospital mortality of 7-1%. All 13 
survivors were available for follow up. 

The mean functional class improved to 2-1 (р 
<0-004) (Fig. 2). All patients underwent an exercise 
study. None experienced angina but all were limited 
by dyspnoea and fatigue. The exercise workload 
improved to  2825(256) kpm (4616418) W) 
(p<0-001) (Fig. 3a). One patient was taking beta 
blockers; his heart rate and systolic blood pressure 
rose from 76 beats/min and 115mm Hg to 
96 beats/min and 134 mm Hg respectively. Twelve 
patients were not taking beta blockers; their heart rate 
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Fig. 3 Total exercise workload (a) before and six weeks after and (b) before and six months after operation. Bars denote mean 
tradinonal 
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and systolic blood pressure rose from 84 beats/min 
and 118 mm Hg to 113 beats/min and 147 mm Hg 
respectively. No serious arrhythmias were encoun- 
tered. 

The response of the resting left ventricular ejection 
fraction to surgery was variable (Fig. Ka) апа (b)). As 
a group, however, resting ejection fraction was 
unchanged at 0-32(0-03) (NS). During exercise, ejec- 
tion fraction increased 10 0:34(0-04) (p<0-04) (Fig. 
4(c) and (d)), representing a relative increase of 14-1 
(3-2)% compared with a preoperative fall of 18-9 
(5-4)% in this group of patients (p« 0-002). 

Resting regional wall motion score in the anterior 
projection improved after operation from 3-1(0-4) to 
6-0(0-6) (p« 0-001), and in the oblique projection from 
2:7(0-5) to 4:2(0-6) (pc 0-001). Despite the apparent 
improvement in regional contractility extensive reg- 
ional wall motion abnormalities remained after opera- 
tion and were evident in both projections (Table 3). 
During exercise the previously induced abnormalities 
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to SI units—workload: 1 kpm =~ 612 W. 
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Before After Rest Exercise 
(6 months) 


Fig.4 Resting left ventricular ejection fraction (LV BF) (a) before and six weeks after and (b) before and stx months after and left 
ventricular ejection fraction response to exercise (c) six weeks and (d) six months after left ventricular aneurysmectomy and coronary 
artery bypass grafting in surosving patients free of angina. Bars denote mean (SEM). 


Table3 Number of abnormally contracting segments remawnng in surviving patents free of angina six weeks and six months after 
operation. Preoperative values for the same group of patients are shown їп brackets 





View Severe hypokinesia Akinesia Paradox 
Six weeks (n713) 
Anterior 25 gD 16 (23) 0 (12) 
Left anterior oblique 15(8 30 (28) 1 (11) 
` Six months (n=10) 
Anterior 22 (9) 9 (1 0 C 
Left anterior oblique 12 (4) 23 (23 1(9) 


150 


of contraction were abolished, and there was по 
deterioration in the regional wall motion score. 


POSTOPERATIVE INVESTIGATIONS AT SIX 
MONTHS 

At further reinvestigation six months after operation 
two more patients had died of further infarction, giv- 
ing a mortality rate of 21-4% at six months. Of the 11 
surviving patients available to follow up, 10 had no 
angina but were limited only by dyspnoea and fatigue. 
One patient had a recurrence of angina, although to a 
lesser extent than preoperatively. The mean func- 
tional class of the patients free of angina was 
unchanged. 

In the group of 10 patients free of angina, although 
the exercise workload of 3060(343) kpm (500(56) W) 
showed only a small insignificant increase over the six 
weeks value, it remained a significant increase over 
that achieved before operation (p<0-001) in the same 
group of patients (Fig. 3). One patient was taking 
beta blockers; his heart rate and systolic blood pres- 
sure rose from 78 beats/min and’ 110 mm Hg to 
100 beats/min and 140 mm Hg respectively. Ten 
patients were not taking beta blockers; their heart rate 
and systolic blood pressure rose from 75 beats/min 
and 119 mm Hg to 100 beats/min and 146 mm Hg 
respectively. 

The response of the resting ejection fraction was 
again variable (Fig. 4) showing an increase in six 
patients and a fall in five compared with the preopera- 
tive values. Аз a group, however, it remained 
unchanged at 0-34(0-04) (NS). 

The resting regional wall motion score in the 
anterior projection was 6-4(0-8) and in the oblique 
projection 4-1(0-6). This represented an improvement 
over the preoperative values (p<0-001) but no 
significant change from the values obtained six weeks 
after operation. Extensive areas of regional dysfunc- 
tion still remained (Table 3). 

In patients free of angina, ejection fraction during 
exercise increased to 0-40(0-05) (p<0-006) (Fig. 4), 
representing an 11:5(4-6)96 increase in relative ejec- 
tion fraction compared with a 20-9(6-9)% fall in the 
same group of patients preoperatively (p<0-002). The 
regional wall motion score remained uncbanged dur- 
ing exercise, the preoperative exercise induced 
abnormalities having been reversed. No serious 
arrhythmias were encountered. 

One patient experienced recurrence of angina, 
although clinically less severe than before operation. 
He maintained his improved functional class and 
achieved a greater exercise workload than before 
operation. His global left ventricular response to exer- 
cise workload was again abnormal, the ejection frac- 
tion falling from 0-31 to 0-24 during exercise, with 
hypokinesia developing in the posterolateral wall and 
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a fall in the regional wall motion score. The resting 
ejection fraction was unchanged from the six weeks 
value. 


Discussion 


Resection of a left ventricular aneurysm has become 
an important form of treatment for those patients 
whose symptoms are not adequately controlled by 
medication. Many studies have reported the relief of 
symptoms after operation in selected саѕеѕ,!6 14 but 
few have examined serial left ventricular function and 
most are retrospective; for accurate evaluation of a 
procedure all patients undergoing surgery should be 
assessed prospectively. Several studies have included 
data at varying intervals after operation with some in 
the early postoperative period when adrenergic over- 
activity is known to influence ventricular function.?° 
This makes the results difficult to interpret. The 
results of those studies assessing left ventricular func- 
tion at rest have been conflicting; some show 
improvement after operation!®?! 22 while others do 
not.!! 2224 Fewer studies have examined the effect of 
aneurysmectomy on exercise left ventricular function 
8s judged by conventional angiography although two 
have shown no improvement in exercise function after 
operation.22?* In our study a prospective consecutive 
series of patients was evaluated at rest and during 
exercise by a non-invasive technique at standard time 
intervals. after operation, the earliest being six weeks 
when most of the effects of surgery have worn off. 
In keeping with previous studies®!9!2 all our 
patients surviving six weeks showed symptomatic 
improvement and a pronounced increase in exercise 
tolerance, which was maintained at six months after 
operation. During the preoperative investigation beta 
blocking drugs were not withdrawn because of the 
risk of exacerbating angina.!5 !7 This might have 
affected our results; beta blocking drugs can have a 
negative inotropic effect on ventricular function.?5- 27 
In patients with ischaemic heart disease, however, 
these drugs have been shown to have little detrimental 
effect on ventricular function even in those with a low 
ejection fraction.?? Moreover improvement in ven- 
tricular function has been reported,?9 3° as in patients 
with congestive cardiomyopathy.?! Thus we believe 
that the administration of these drugs before opera- 
tion is likely to have had little influence on our results. 
Resting ejection fraction remained abnormal after 
operation and was unchanged from the preoperative 
value both at six weeks and six months. Nevertheless, 
the individual results varied, some showing improve- 
ment anc others none. This is in contrast to the study 
of Dymand et al, which showed an overall improve- 
ment in resting left ventricular ejection fraction after 
aneurysmectomy.?? Direct comparison with our study 
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is difficult since Dymond's series of 12 patients 
included eight with single vessel disease; only two 
underwent myocardial revascularisation. This is in 
contrast to our series, most of whom presented with 
angina in addition to congestive failure and all of 
whom underwent coronary artery bypass grafting. 

In theory, aneurysmectomy should reduce end 
diastolic and end systolic volumes equally, resulting 
in an increase in ejection fraction. Failure to achieve 
this could be due to insufficient resection of the 
aneurysm. The aneurysms in our patients were, how- 
ever, resected to the transitional zone, leaving just a 
rim of fibrous scar tissue to support the sutures. Àn 
alternative suggestion is that destruction of the 
hypokinetic transitional zone by the sutures might 
render it akinctic?; this also seems implausible 
because it was not our surgical practice. Most prob- 
ably, the failure to demonstrate an improvement in 
overall ejection fraction in our patients was due to the 
insensitivity of radionuclide ventriculography in such 
dilated hearts. This is quite consistent with a useful 
improvement in cardiac output; for example, a 33% 
increase in stroke volume from 45 to 60 ml can be 
achieved with only a 5% increase in ejection fraction 
from 0-15 to 0:20 in a heart with an end diastolic 
volume of 300 ml. The improvement in regional con- 
tractility was largely accounted for by the resection of 
the paradoxically moving aneurysm (score — 1) leav- 
ing instead an akinetic segment (score 0). Despite the 
improved wall motion score extensive areas of reg- 
ional dysfunction remained and serious impairment of 
ventricular contraction persisted. 

The improvement in exercise tolerance of those 
patients free of angina after operation was paralleled 
by an improvement in exercise ventricular function as 
we have reported previously.!$ The deterioration in 
global ejection fraction induced by exercise preopera- 
tively was corrected, although the increase was less 
than that expected for a normal ventricle. The exer- 
cise induced abnormalities of regional contraction 
were abolished after operation indicating that coro- 
nary bypass grafting corrected the ischaemic response 
in the remaining viable myocardium. Again direct 
comparison with the only two previous reports of 
exercise left ventricular function after aneurysmec- 
tomy?? 7^ js difficult. Dymond's series?? has been dis- 
cussed. Froehlich et als series,*4 like ours, contained 
mainly patients who had multivessel disease and pre- 
sented with both angina and congestive cardiac fail- 
ure. Unlike our patients, all of whom underwent 
aneurysmectomy, only 11 of 18 patients in their series 
underwent resection of the aneurysmal segment; in 
four it was plicated and in three no discrete aneurysm 
was found at operation, and so no direct surgery on 
the ventricle was undertaken. Postoperatively only 12 
of 18 patients underwent exercise evaluation of ven- 
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tricular function, nearly a third of whom continued to 
experience angina with significant electrocardio- 
graphic ST segment depression. This suggests that 
continuing ischaemia during exercise adversely 
affected left ventricular function. In our series all 
patients at six weeks and all but one at six months 
were free of angina and showed no electrocardio- 
graphic evidence of ischaemia during exercise. The 
single patient with angina at six months was analysed 
separately. 

Of the patients who showed preoperative evidence 
of reversible ischaemia, the site was localised to the 
posterolateral wall of the left ventricle in all cases and 
the wall motion abnormality was abolished by coro- 
nary grafting. This emphasises the value of radionuc- 
lide ventriculography both in assessing the functional 
reserve of the remaining viable myocardium and in 
providing information about which vessel to graft. 
Furthermore posterolateral wall function should be 
examined because it has been shown to be an impor- 
tant determinant of mortality associated with resec- 
tion of anteroapical aneurysm.?? 

Many early reports stress the poor long term prog- 
nosis of medically treated patients with ventricular 
aneurysm but a recent long term evaluation of a large 
group of patients with postinfarction ventricular 
aneurysm? has shown no difference in mortality be- 
tween patients with an aneurysm and those without, 
given an equal degree of left vencricular function. 
This in turn suggests that a left ventricular aneurysm 
has no independent influence on survival. Further- 
more, the lack of improvement in resting ejection 
fraction after aneurysmectomy, as shown in our 
study, implies that operation is unlikely to improve 
prognosis in patients like ours. 

We conclude that left ventricular aneurysmectomy 
performed in association with coronary artery bypass 
grafting confers no measurable improvement in over- 
all resting ejéction fraction as judged by radionuclide 
ventriculography. It 1s possible that global ejection 
fraction is not an appropriate measure of ventricular 
function in this group of patients and that more sensi- 
tive indices of wall motion abnormalities may show 
improvement, thus corroborating the clinical opinion 
that aneurysmectomy is of value. 


Dr Crossland died recently. 
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Prevalence of overt dilated cardiomyopathy in two 


regions of England 


DAVID G WILLIAMS,* ECKHARDT С J OLSEN} 
Fram *Aylsham, Norfolk, and the National Heart Hospital, London 


SUMMARY The prevalence of dilated cardiomyopathy was assessed in two regions in England from 
420 replies to 771 questionnaires sent to general practitioners. Overall point prevalence was 8-317 
per 100 000 population in areas covering a total sample of 913 836 inhabitants. There was a statisti- 
cally significant regional variation between East Anglia (Norfolk, Suffolk, and Cambridgeshire) and 


Essex, Hertfordshire, and Bedfordshire. 


Though the natural history of dilated cardiomyopathy remains to be defined, this study has 
provided an assessment of point prevalence of overt cases of this condition. 


Dilated cardiomyopathy belongs to the group of dis- 
eases defined as heart muscle diseases of unknown 
cause.! Studies of dilated cardiomyopathy have been 
beset by many problems in the past including the 
large number of synonyms under which this condition 
has masqueraded.? Clinical recognition and definition 
of the natural history are still not fully established.? 4 
The reason for this is that myocardial hypertrophy 
and dilatation may be symptomless, and even when 
symptoms become manifest other diagnoses, which 
include that of ischaemic heart disease, may be 
ascribed to patients with this condition unless invasive 
and non-invasive investigations are undertaken. 
Examination of endomyocardial biopsy tissue 
obtained by bioptome$5 has contributed greatly to 
defining an infectious-immune mechanism for some 
patients with dilated cardiomyopathy? so that a better 
understanding of the natural history is slowly emerg- 


With the exception of two studies from the same 
centre in Sweden!’ the prevalence of dilated car- 
diomyopathy is unknown. Numerous reports of often 
large numbers of cases from various centres have been 
published over the years,!?!! but these often act as 
reference centres, precluding therefore an assessment 
of prevalence. The purpose of this inquiry, which has 
hitherto not been undertaken in this country, was to 
establish an estimate of the prevalence of this condi- 
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поп. Furthermore, it was considered relevant to 
undertake this inquiry at this stage in view of the 
increasing number of patients with dilated car- 
diomyopathy being considered for transplantation. 


Patients and methods 


In the winter months of 1983-84 questionnaires were 
sent to general practitioners who were fellows, mem- 
bers, or associates of the Royal College of General 
Practitioners and resident in Norfolk, Suffolk, Cam- 
bridgeshire, Essex, Bedfordshire, and Hertfordshire. 
The questionnaire explained the need for information 
on the prevalence of dilated cardiomyopathy and 
Table 1 gives an example of the questions asked. An 
additional letter was sent stressing that only patients 
with dilated (congestive) cardiomyopathy according 
to the definition that excludes those patients who suf- 
fered from heart failure due to alcohol abuse or occur- 
ring in pregnancy or the puerperium or who had other 
known factors that could account for the symptoms 
were included. The total populations on the doctors’ 
lists could be provided easily as they are regularly 
calculated by the local Family Practioners Committee 
of the National Health Service. Furthermore we per- 
mitted respondents to reply on behalf of the group 
practice since in this way the scope of the inquiry 
could be considerably widened. In a few instances 
where the response was equivocal about where the 
diagnosis was made, a further letter was sent stressing 
the importance of the definitive diagnosis after reli- 
able investigations. Only on receipt of a satisfactory 
reply were these cases included in the study. 
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Table 1 Quesnonnarre sent to general practinoners 
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How many patients do you have with dilated (congestive) cardiomyopathy on the date of receipt of this enquiry? 


How confident з are you that a patent is not unknown to you? 
On your list 
On practice list 


In either case do still return the form. 
If possible, where was the patient diagnosed? 
Approximately when? 


Fairly confident/Not confident 
Еау confidenty/Not confident 
(please delete as applicable) 





STATISTICAL ANALYSIS 

The statistical test applied was the x? test of indepen- 
dence (prevalence against area) significant at the 0-995 
level. 

Of the 771 questionnaires sent, 420 replies were 
received, which was considered acceptable. Some 
practitioners had retired or were engaged in other 
areas of primary care and did not possess a personal 
list of patients. 


Results 
Table 2 summarises the results. 
Discussion 


This study has provided an insight into the prevalence 
of symptomatic patients with this disease. The World 
Health Organisation (WHO)International Society 
and Federation of Cardiology (ISFC) Task Force 
recommendations on definition and classification 
based on the original concepts of Goodwin and his 
colleagues were strictly followed. As has already been 
stated, cardiomyopathies are defined as “heart muscle 
diseases of unknown cause” and classified into dilated 
(congestive), hypertrophic, and restrictive forms.! To 
minimise confusion the term “‘specific heart muscle 
disease" was introduced and included all those cases 
with known secondary involvement of the heart due 
to metabolic diseases, including those due to defi- 
ciency, general systemic diseases, heredofamilial 
neuromuscular diseases, and sensitivity and toxic 
reactions, among which alcohol was listed. Heart fail- 


ure in peripartal heart disease was excluded according 
to the definition. 

Since the natural history of dilated cardiomyopathy 
has not yet been fully established,* and the fact that 
symptoms may not be manifest despite severely 
depressed left ventricular function, the cases included 
in this study represent only the tip of the iceberg of 
the true incidence of dilated cardiomyopathy.!? 
Studies of patients with cardiomegaly or left bundle 
branch block in asymptomatic individuals undergoing 
medical check ups were also considered unhelpful for 
assessing the incidence of this condition. There is no 
evidence that asymptomatic subjects with a fascicular 
block develop dilated cardiomyopathy in later life. 
When cardiomegaly is evident on chest radiographs 
the condition is usually well advanced. Alternatively, 
despite evidence of left ventricular dilatation or mal- 
function by other investigations, cardiomegaly may 
not be evident on chest radiographs.!? When these 
various factors are considered together with the fact 
that patients may be asymptomatic despite depressed 
left ventricular function being accidentally discovered 
it is evident that the true prevalence of dilated car- 
diomyopathy may be far greater. Our results therefore 
represent overt disease in patients who, as a result of 
their symptoms, presented to their doctor. 

The only other study attempting to give an assess- 
ment of the incidence of dilated cardiomyopathy was 
undertaken by Torp in Malmo, Sweden, who during 
a period of eight years reported an incidence of 
3/100 000 per year of the hospital population for a 
city of 250 000 inhabitants. If postmortem studies 
were included during the same period, however, the 


Table 2 Details of results fram 420 replies to 771 questionnaires sent to general practitioners 





No of cases of 
dilated 
East Angha (Norfolk, Suffolk, 
Cambridgeshire) 52 
Essex, Hertfordshire, and 
Bedfordshire 24 
Total 76 


Panem Point prevalence 
ftopulanon (per 100 000)* 
384 220 13:534 

529 616 4532 

913 836 8-317 





* 2 test of independence (prevalence against area) p<0-05. 
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incidence rose to 5/100 000 patients per year. In a 
subsequent extended study an incidence of 7-5 cases 
was found with an estimate that 10/100 000 patients 
might be affected.’ 

Our overall figures of 8-317 cases per 100 000 popu- 
lation is in keeping with these results. Existing evi- 
dence points to a poor overall prognosis in symptoma- 
tic patients, !? so that prevalence figures would not be 
many times greater than those for incidence. It must 
also be remembered that Torp's study represented a 
sustained effort in one centre to remain vigilant for 
this particular diagnosis. 

The variation in the prevalence between East Ang- 
lia (Norfolk, Suffolk, and Cambridgeshire) and 
Essex, Hertfordshire, and Bedfordshire is statistically 
significant (p« 0-05) and represents the first indication 
of an uneven geographical distribution of cases. 

The reason for limiting the mailing of question- 
naires to fellows, members, or associates of the Royal 
College of General Practitioners was the belief that 
these practitioners would co-operate in this study and 
would be more likely to be in possession of accurate 
medical records. In addition, a disease-index register 
was also more likely to have been maintained. 

General practitioners are in the favourable positon 
in that after initial appraisal and subsequent specialist 
investigation and diagnosis they have continued 
supervision of the patient. Even when the patient pre- 
sented initially in hospital the practitioner would sub- 
sequently be fully informed by the specialist. It could 
be argued that a patient normally on the doctor's list 
might have presented to or continued under the care 
of a partner and therefore would be unknown to the 
respondent. This factor would of course also operate 
in the reverse direction and therefore should not mat- 
erially affect the overall number of cases. Further- 
more, many practitioners replied as units, and some 
were in the possession of detailed diagnostic registers. 

Positive replies gave the name of the hospital where 
the diagnosis had been established after investigation. 
Often additional information was volunteered and 
respondents were well aware, 1n the additional infor- 
mation provided, of the distinction made between 
idiopathic dilated cardiomyopathy and cases secon- 
dary to pregnancy, alcoholic excess, or other factors 
contributing to heart failure. If in the initial reply any 
queries were raised about the accuracy of the diag- 
nosis of dilated cardiomyopathy, or whether a history 
of alcohol intake or pregnancy could possibly be 
pathogenetically linked to the heart failure, the prac- 
titioner was asked for additional information to elmu- 
nate any mistaken inclusion of these patients. Only 
patients with dilated cardiomyopathy, as defined,! 
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were included in the study. 

This preliminary study has therefore provided an 
assessment of the prevalence of overt dilated car- 
diomyopathy. Clearly, other regions and a greater 
number of the population must now be investigated. 
We hope that this report will act as a catalyst for 
others to undertake similar studies. 


We thank Dr G Janacek, University of East Anglia, 
for statistical advice, and the Royal College of General 
Practitioners for their help. 

This study was undertaken as part of the Mul- 
ticentre Research study on dilated cardiomyopathy of 
the Scientific Council оп Cardiomyopathies of the 
International Society and Federation of Cardiology. 
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Familial right ventricular dilated cardiomyopathy 


H H W IBSEN,* U BAANDRUP,t} E E SIMONSEN* 
Fram the *Department of Medicine, Haderslev Hospital , Haderslev , and TUniversity Institute of Pathology, Aarhus 
Denmark 


Municipal Hospital, Aarhus, 


SUMMARY Cardiomyopathy of unknown cause occurred in three of six siblings. The course of the 
illness was marked by life threatening supraventricular and ventricular arrhythmias, sinoatrial 
block, atrioventricular block, and embolism (in one patient). The disease was characterised by right 
ventricular dilatation. Two of the three patients died aged 32 and 48. 

No new cases of the disease were found when a further 33 family members from three generations 


were investigated. 


Dilated cardiomyopathy! ‘is characterised by dilata- 
tion of the left or right ventricle or both and an 
increase in the weight of the heart. Patients with 
dilated cardiomyopathy may have atrial or ventricular 
arrhythmias and heart failure due to impaired systolic 
left and right ventricular function, and they often die 
at an early age. There are several published reports of 
the familial occurrence of dilated cardiomyopathy.?~5 
In 1981, Fitchett et al described a type of dilated car- 
diomyopathy in which right ventricular involvement 
was most pronounced.® 

We report three cases of dilated cardiomyopathy 
that occurred in a family of six siblings. Two died 
prematurely, one of them before our investigations 
were completed; necropsy was not performed. To 
elucidate a possible hereditary cause of the condition 
we investigated a further 33 family members in three 
generations. 


Patients and methods 


All eligible living family members underwent physical 
examination, radiography of the chest, and elec- 
trocardiography. The histories of those who had died 
were derived from case records or were supplied by 
the family. Initially we investigated only the parents, 
siblings, and children of siblings of the patients, but 
the study was extended to siblings of the mother 
because of reports of unidentified heart disease in 
three other members of her family. The father’s sib- 
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lings and their families were not investigated because 
there was no evidence from the family to suggest other 
cases of heart disease among his relatives. 


CASE 1 

This woman was the third child in a family of six 
siblings. She was a moderate drinker and smoked 
about 10 cigarettes a day. She had experienced dysp- 
noea on exertion since the age of 26. Eight years later . 
she was awarded a disability pension because of dysp- 
noea, and at the age of 37 she had heart disease 
classified as New York Heart Association functional 
class Ш. 

Her heart had been dilated since the age of 29, and 
four years later she was given digitalis for intermittent 
atrial fibrillation. Before digitalisation the electrocar- 
diogram showed flattened T waves in all leads, and 
this was a constant finding throughout her illness. At 
the age of 42, right sided heart decompensation was 
demonstrated for the first time, and quinidine was 
prescribed for ventricular extrasystoles. 

Two years later she had ventricular tachycardia 
with subsequent cardiac arrest despite treatment with 
quinidine. Two days after drug treatment had been 
stopped there was still intermittent ventricular 
tachycardia and cardiac arrest alternating with third 
degree atrioventricular block, and for this reason a 
pacemaker (CPI-Minilith P) was implanted. Other 
findings are given in the Table. 

At the ages of 33 and 44 the patient had transient 
pulmonary infiltrates of undetermined cause. She 
died in hospital at the age of 48 years after an episode 
of ventricular fibrillation. Shortly before death she 
had two episodes of right sided hemiparesis. 
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Table Data on cases 1 and 2 
Case 1 (F) Case 2 (M) 
29 X 47 3l 
Blood pressure (mm Hg) 125/80 110/70 
Auscultation Normal Normal 
Weight (kg) 60 73 
Невы (cm) 153 173 
ora incor Ga ocardi MT Died RV and RA. Did RV d RA 
Echocard: an iograph t ап 
аа ms 7 LV volume normal with LV volume normal but 
good contractility decreased contracnlity 

LV catheterisation А Normal 
RV cathetertsation: E 

Cardiac output (ш?) Rest 3-6 41 2-6 

Exercise 84t 74* 49% 
Pulmonary wedge pressure (mmHg) Rest уота Leg ee 
i 1 
Pulmonary ага! pressure RAN Rer 21/14-19  .29/14-22 26/11-17 
3 d 34/21* 3011-14} 

RV, nght ventricle; RA um; LV, left ventricle. 
*25 W for 3 minutes; +50 pu 5m minutes; $100 W for 5 minutes. 


PATHOLOGICAL FINDINGS 
The heart was enlarged and globoid, weighing 490 g 
(0.896 of body weight). The right side was grossly 
dilated (Fig. a, b, c). The left atrium was also slightly 
dilated, but the left ventricular cavity size appeared to 
be normal. There were no congenital abnormalities. 
The cusps were normal, but the tricuspid ostium 
was dilated (132 mm; mitral ostium 108 mm). The 
endocardium of the right ventricular cavity was patch- 
ily thickened by fibrosis; there were no parietal 
thrombi, either in this cavity or on the left side. The 
tip of the pacemaker electrode was encased in 


endocardial fibrotic tissue posteromedially at the base ` 


of the right ventricle. The myocardium was pale with 
slightly increased fibrosis on the cut surface. There 
were no signs of recent or old infarction, and the 
coronary arteries were normal without. atherosc- 
lerosis. 

There were old small infarcts in the left hemisphere 
of the brain, both kidneys, and the spleen, although 
no parietal thrombi or their sequelae were seen in the 
left ventricle. Apart from slight chronic congestion 
the lungs were normal and there was no evidence of 
thromboembolism. 

Sections from the right ventricle showed hypertro- 
phy with fibre attenuation, fibrosis of the replacement 
type, and fatty infiltration. There was some diffuse 
infiltration of lymphocytes in the right atrium caused 
by implantation of the pacemaker electrode. The 
myocardium of the left ventricle showed similar but 
less pronounced changes. 

Only the atrioventricular area of the conduction 
system was available for investigation (the top of the 
right atrium had been cut off at initial necropsy). 
Slight nonspecific fibrosis was seen in the bundle of 


His and in the left main fascicle. There were no 
granulomas or inflammatory cell infiltration. 


CASE 2 

This 36 year old man was a brother of case 1. He was 
the youngest of six siblings. He was a moderate 
drinker and he smoked 10 cigarettes a day. 

He had completed his military service without 
difficulty at the age of 20. He had experienced dysp- 
noea on exertion since the age of 31 years, and because 
of cardiomyopathy he was awarded a disability pen- 
sion when he was 34 years old. At that time he had 
heart disease classified as New York Heart Associa- 
tion functional class III. 

Since the age of 31 he had been treated with digoxin 
because of atrial flutter. Before digoxin treatment the 
electrocardiogram showed atrial flutter with 3:1 
block, incomplete right sided bundle branch block, 
and a negative T wave in V2-V5. During exercise 
testing the His bundle electrocardiogram showed that 
two out of three impulses were blocked at the 
atrioventricular junction, and during exercise at 50 W 
for five minutes he developed 2:1 block. With addi- 
tional exercise of up to 100 W 1:1 block developed 
with a heart rate of 264 beats/minute. Because the 
heart rate did not fall after exercise had stopped DC 
cardioconversion was given. Atrial flutter recurred a 
few days later despite quinidine treatment. Further 
findings are given in the Table. 


CASE 3 
This patient was the brother of cases 1 and 2. He was 
the fourth of six siblings. He drank very little alcohol 
and smoked few cigarettes. 

He had completed military service without 
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difficulty. At the age of 24 he began to experience 
dyspnoea on exertion and stress induced palpitation. 
He was awarded a disability pension at the age of 30 
because of heart disease (New York Heart Association 
functional class III). 

During hospital admission at the age of 26 no 
decompensation of the heart was demonstrated. Car- 
diac auscultation was normal. Blood pressure was 
120/80 mm Hg. Before medical treatment an elec- 
trocardiogram showed alternating sinus rhythm and 


Fig. Morphological appearance of 
the (a) anterior and (b) posterior 
aspects of the dilated and hypertrophic 
heart from case 1 and (c) of the cross 
section of the heart showing 
pronounced ventricular dilatation . 
Scale markers represent 2 ст (a and 
b) and 1 oam (c). 


mm 


atrial flutter, with varying degrees of atrioventricular 
block; there were negative T waves in leads V2-V3. 
Radiography of the heart and lungs showed a car- 
diothoracic ratio of 0-59. 

He was found dead in bed at the age of 32 years. 
Necropsy was not done. 


OTHER FAMILY MEMBERS 
Three other members of the family (all on the mater- 
nal side), who had died many years before our study, 


Familial righ ‘cular dilated cardi А 

were reported to have had heart disease. Data on them 
were incomplete and too unreliable for a diagnosis of 
cardiomyopathy. Three siblings, children of one of 
the patients’ healthy siblings had electrocardiographic 


changes i in V1. No other signs of cardiac disease were 
found in the 33 family members examined. 


Discussion 


There are other published reports of the occurrence of 
familial dilated cardiomyopathy.? 5 We believe that 
the three siblings we describe had thé same cardiac 
disease, although the data in case 3 are limited 
because the patient died 16 years ago. No other cases 


of dilated cardiomyopathy have been found in the: 


family. 

Examinations carried out in cases 1 and 2 excluded 
diseases such as ischaemic, valvar, and congenital 
heart disease. Furthermore, it was not possible to 
demonstrate specific cardiac muscle disease or signs of 
pulmonary disease. А shared (unknown) environmen- 
tal cause seems unlikely. The siblings did not live 


close to: each other and there was an interval of 17: 


years between the appearance of the disease in the 


youngest patient (cáse 2) and manifestation in the old- .. 


est patient (case 1). 

The symptoms, irregular palpitation of the heart 
and dyspnoea on exertion, started between the ages of 
25 and 30 years. Two patients died at the ages of 32 
and 48 years. ` 

Although case 1 had had symptoms typical of left 
heart disease for many years, echocardiography and 
necropsy demonstrated mainly changes of the right 
side of the heart. Both right atrium and right ventricle 
were dilated, while the left atrium and ventricle were 
of normal size; similarly in patient 2 the right side of 
the heart was enlarged, although to a lesser degree. 

Fitchett et al and Rowland et al described cases of 
dilated cardiomyopathy with predominantly right 
ventricular dilatation.$^9 The disease presented clini- 
cally as either right heart failure or arrhythmias and 
syncope. Our patients had arrhythmias, which were 
the cause of death in case 1 and probably also in case 
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3. In case 1 right heart failure was a late event. Unlike 
the patients investigated by Fitchett et al and Row- 
land et a], however, our patients had clinical signs of 
involvement of the left side of the heart. Ат necropsy 
there was gross and histological evidence for involve- 
ment of both sides of the heart in three of Fitchett’s 
patients. We believe that our investigation adds 
further support to the concept of right ventricular 
dilated cardiomyopathy, which in our opinion repres- 
ents оре епа of the spectrum of dilated car- 
diomyopathy rather than an independent type of 
(familial) cardiomyopathy. 


We thank Dr Per Henningsen for echocardiographic 
guidance. 
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Plasma free captopril concentrations during short and 
long term treatment with oral captopril for heart failure 
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J RE DAVIS, T MRADEMAKER,*C R W EDWARDS} 


From the Departments of *Cardiology and Medicine, Western General Hospital, Edinburgh 


SUMMARY Plasma free captopril concentrations and haemodynamic response to captopril were 
studied in 20 patients with severe chronic heart failure. A 25 mg oral dose of captopril produced a 
36% reduction in systemic vascular resistance, with individual responses varying from 1396 to 6496. 
Mean systemic pressure fell by 2096 and cardiac output rose 2896. The absorption of captopril was 
rapid. Peak plasma free captopril concentration occurred at 45 minutes after the dose and was 
followed by a smaller second peak. Peak plasma free captopril concentrations varied more than 
20-fold but did not correlate with the maximal reduction in systemic vascular resistance. Elimination 
half life was seven hours. Fourteen patients were restudied after 1-2 months of captopril treatment 
and 12 showed symptomatic benefit. There was a sustained improvement in haemodynamic state 
and in non-invasive indices of myocardial function. During long term treatment the predose plasma 
free captopril concentration correlated well with dosage, but steady state captopril concentrations 
did not show a significant relation with haemodynamic response. On a dosage regimen of 25-50 mg 
three times daily the morning predose plasma free captopril concentration and plasma renin activity 
were relatively low and suggested that maximal inhibition of the renin-angiotensin system was not 


maintained throughout the dosage interval. 


Captopril, a vasodilator which acts by inhibiting con- 
version of angiotensin I to angiotensin II, has been 
shown to benefit patients with chronic severe heart 
failure.: The response to captopril varies appreciably 
between subjects, but the reasons for this are not fully 
understood. Measurement of plasma concentrations 
of captopril has been difficult because of the highly 
reactive thiol group in the captopril molecule. А 
radioimmunoassay for captopril has been developed,” 
using antibodies to а captopril-N-ethylmaleimide 
complex, and we have used this assay to study the 
relation between plasma free captopril concentrations, 
haemodynamic responses, and plasma renin activity. 


Patients and methods 


STUDY POPULATION 
Twenty patients (mean age 62-4 (range 47—71) years) 
were studied, all of whom had severe left ventricular 
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myocardial impairment due to ischaemic heart disease 
in 13 and cardiomyopathy in seven. Nine had an 
associated valve abnormality and three mild hyperten- 
sion. Each, patient had continued to have cardiac 
symptoms at rest or with mild activity despite treat- 
ment with digoxin and frusemide (mean dose 188 
(range 80-500) mg/day). All patients were taking a 
diet without added salt. Potassium supplements 
(seven patients) and potassium retaining agents (13 
patients) were withdrawn when captopril treatment 


SHORT TERM RESPONSE 

Each patient was given an initial dose of 25 mg cap- 
topril dissolved in 150 ml water. Haemodynamic 
measurements were made at 30, 15, and 0 minutes 
before this dose and for four hours (10 patients) or 1% 
hours (10 patients) thereafter. Patients remained 
supine throughout the study period and for at least 
one hour before control recordings. They had fasted 
overnight and had not taken other medications on the 
day of study. A balloon flow directed catheter was 
used to record right atrial and pulmonary artery pres- 


160 


Plasma free captopril concentrations in heart failure 


sures and the cardiac output. Cardiac output was 
measured by indicator dye dilution (eight patients) or 
thermodilution (12 patients). Systemic pressure was 
recorded with a sphygmomanometer and arm cuff. 
Changes for all haemodynamic variables were meas- 
ured at the time of each individual’s maximal change 
in systemic vascular resistance. 


LONG TERM RESPONSE 

Patients were restudied at 1—2 months after beginning 
captopril treatment. Dosage had been adjusted until 
symptomatic hypotension occurred or until a maxi- 
mum dosage of 450 mg/day (12 patients) or 150 mg/ 
day (eight patients) was reached. Haemodynamic 
measurements, plasma free captopril concentrations, 
and plasma renin activity were recorded at three 
intervals over 30 minutes as in the control period 
described above. The last captopril dose was given 
4-6 hours before the repeat study. 

Left ventricular function was assessed by nuclear 
ventriculography and echocardiography before cap- 
topril treatment and at repeat study 1—2 months later. 
Patients underwent exercise testing on a treadmill 
using the Bruce protocol modified to include an initial 
lower stage of 1-5 kph at an 8? incline: a practice run 
had been given. 


ASSAY OF PLASMA FREE CAPTOPRIL 
CONCENTRATION 

For the radioimmunoassay of captopril 10 mg 
N-ethylmaleimide was added to 5 ml plasma sepa- 
rated in a, refrigerated centrifuge immediately after 
withdrawal of the blood sample. The radioimmunoas- 
say technique has been described elsewhere.? The 
sensitivity of the assay is 2 ng/ml and the interassay 
coefficient of variance is 7-5%. 


PLASMA RENIN ACTIVITY 

Plasma renin activity was measured using the techni- 
que of Drury and Edwards.) The range for normal 
supine subjects is 0-3—1-5 ng/ml/h. The coefficients of 
variance were 1096 (intra-assay) and 1896 (interassay). 
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SHORT TERM RESPONSE P 
Haemodynamic response—abJe 1 shows hae- 


modynamic changes found after the first 25 mg dose 
of captopril. Systemic vascular resistance fell by 3696 
to reach a mean level just above the upper limit of the 
normal range. The percentage reduction in systemic 
vascular resistance for individual subjects ranged 
from 1396 to 64%. 

Plasma free captopril—Captopril was absorbed 
rapidly with the peak concentration at 45 minutes 
after the dose. The rise in plasma free captopril coin- 
cided with the fall in systemic vascular resistance and 
was followed closely by an increase in plasma renin 
activity. Figure 1 shows the time profiles of changes in 
systemic vascular resistance, plasma free captopril 
concentration, and plasma renin activity in 10 
patients. The areas under the four hour free captopril 
absorption curves varied from 44 to 689 mg/ml/h 
(mean (SD) 352(237)). 

Peak plasma free captopril concentrations varied 
appreciably, but there was no significant correlation 
(Fig. 2) between the maximal percentage reduction in 
systemic vascular resistance and the peak plasma free 
captopril concentration (1— 0-28) or its log concentra- 
tion (r=0-40). 

A small second peak of plasma free captopril con- 
centration was seen in 16 of the 18 patients who had 
plasma free captopril concentrations measured up to 
four or 24 hours after the dose. The mean secondary 
rise was 38-1 mg/ml from a mean preceding concen- 
tration of 56-3 mg/ml. Of the eight subjects in whom 
plasma free captopril was measured for 24 hours, two 
had slow absorption with peak captopril concentra- 
tions at 90 and 240 minutes after the dose. The other 
six patients showed a rapid absorption of captopril 
(peak concentration <60 minutes after the dose); a 
small second peak was apparent at two hours in these 
subjects (Fig. 3). The elimination rate of free capto- 
pril, measured from five to 24 hours after the dose in 
these six subjects, was seven hours. 


Table 1 Short term haenodynamic response to 25 mg oral captopril in 20 patients. Values are mean (SD) unless stated otherwise 


i Before captopril 
f? 

S ic vascular resistance (dyn s cm 5) 2350 (7 

Mein кузтепис pressure (mm Ho 913 Mie 
Cardiac output (l/min) 2 80 (0 58) 
Pulmonary end diastolic pressure (mm Hg) 30 5 (7-3) 
Mean right atrial pressure (mm 132 (44) 
Heart rate (beats/min) 757 109 
Plasma renin activity (ng/ml/b) 5 70 (6 23 





After mmal 25 mg 96 Change p valus (pared 
oral dose I test) 

1503 (693) —360 «0 001 

733 (14 7) —197 <0001 

3 57 (0-81) +27.5 «0 001 

251 o —17.7 <0 001 

11-4 (42) —13-6 «001 

755 (12 5) -03 NS 

34-58 (33-21) +506 6 <0 001 
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Fig. 1 Mean plasma free 


concentration ( ®), systemic vascular resistance (А), and plasma renin actruity (О) measured 


captopril 
before and for four hours after a 25 mg oral dose of captopril (n = 10). 


LONG TERM RESPONSE 
Four patients, all of whom had control plasma renin 
activity >10 ng/ml/h, did not tolerate captopril treat- 
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Fig. 2 Relation between percentage reduction in systemic 


ment, three because of lightheadedness or syncope 
and one because of taste disturbance. One patient 
with three vessel coronary artery disease died sud- 
denly after 17 days of captopril treatment. A further 
patient, who had mitral stenosis and myocardial 
impairment, showed progressive deterioration: he 
died nine days after captopril treatment ended. Four- 
teen patients were therefore available for repeat study. 
Twelve of these patient showed symptomatic 
improvement with captopril treatment (Fig. 4). 

Haemodynamic response—Table 2 summarises the 
haemodynamic and non-invasive variables before and 
after 1-2 months of captopril treatment. 

Plasma free captopril—The dosage of captopril at 
repeat study ranged from 75 mg/day to 450 mg/day. 
The mean plasma concentrations for daily dosages of 
75 (n=4), 150 (n=7), and 300-450 mg (n=3) were 46, 
73, and 233 ng/ml respectively. There was a 
significant correlation between dosage and free cap- 
topril concentration (r=0-77, p<0-01). 

As with the short term response, no correlation 
existed between percentage reduction in systemic vas- 
cular resistance and plasma free captopril concentra- 
tion (r=0-09). 

Plasma free captopril concentration and plasma 
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renin activity were measured throughout an eight 
hour dose interval during long term treatment in six 
patients. Two were receiving 25 mg three times daily 
and four 50 mg three times daily Figure 5 shows the 
results. The predose (0900 h) plasma free captopril 
concentration was low, and there was a pronounced 
rise in drug concentration after absorption of the 
dose, with a small second peak at six hours. Plasma 
renin activity showed a further increase after the dose. 


Discussion 


In individual cardiac patients the haemodynamic and 
symptomatic response to captopril can vary from 
minimal to very substantial. Our results, like other 
studies,'45 show an overall moderate degree of 
improvement in symptoms, resting haemodynamic 
indices, and non-invasive indices of cardiac function, 
and they confirm the wide range of individual 
responses. Since this was an open study and a placebo 
period was not included the changes in symptom 
status have to be interpreted with caution. Similar 
benefits from captopril in heart failure have, however, 
been found in double blind controlled studies.5^? 
Wide differences in peak plasma free captopril con- 
centration were found but did not correlate with 
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Fig. 3 Mean (SEM) plasma free captopril concentrations during 24 hours after а 25 mg oral dose of captopni m six patients who 
showed absorption (peak plasma free captopril <60 minutes) . 


maximal percentage change in systemic vascular resis- 
tance. Plasma also contains captopril linked to the 
plasma proteins, cysteine and glutathione, and capto- 
pril molecules linked together as disulphide bond 
dimers,’ 19 but these compounds are not thought to be 
biologically active. The lack of relation between 
maximal response and peak plasma free captopril 
concentration after a 25 mg oral dose may be 


"explained by the flat dose-response relation found in 


incremental dose studies when captopril dose 
exceeded 6:25 mg. There was also no correlation bet- 
ween captopril concentration and long term response, 
and our results do not show any evidence that meas- 
urement of plasma free captopril concentration would 
be useful in monitoring response. 

The early peak concentrations of plasma free cap- 
topril indicate that absorption of captopril occurred 
rapidly in the fasting patients in tbis study. This coin- 
cided with a rapid onset of action. The pronounced 
variation in the peak plasma free captopril concentra- 
tions and in the area under the four hour curves could 
arise from several factors including impairment of the 
extent of absorption due to the presence of cardiac 
failure, degradation or binding of captopril within the 
gastrointestinal tract, differential metabolism, or dif- 
ferences in the volume of drug distribution. McKins- 
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Fig. 4 Symptom status (NYHA class) in the 14 panents before 
and after long term treatment eth captopril. 


try et al gave oral doses of isotopically labelled capto- 
pril to normal subjects and estimated total absorption 
to be 68% (SD 9%), but in the first few hours after the 
dose less than half of the total plasma radioactivity 
was associated with free captopril and there was 
extensive conversion to the inactive forms.!! Cody 
et al also found that the concentration of bound cap- 
topril was higher than the concentration of free cap- 
topril during 0-8 hours after an oral dose.!? They 
suggested that the bound forms might constitute a 
reservoir for the active drug. 

A small second peak in the absorption curve was 
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Fig.5 Mean plasma free captopril concentrations (@) and 
plasma renin activity (©) in six patients studied during a dosage 
interval while receiving long term treatment with captopril. 


found in most of our patients. This may be due to 
enterohepatic recirculation. This second peak was not 
large and was associated with only a small and statisti- 
cally insignificant secondary decrease in systemic vas- 
cular resistance at 180 minutes after the dose (Fig. 1). 
Levine et al also observed a small secondary peak in 
response. The true elimination rate of a drug is 
often difficult to establish as the absorption and dis- 
tribution phases can continue until the plasma drug 
concentration is too low for the sensitivity of the 
assay. This second peak complicates the estimation of 
the elimination rate of plasma free captopril, but 
when taken between 5 and 24 hours after the dose we 
found the log concentration time plot to be linear and 
the elimination half life to be seven hours. 

We found that throughout an eight hour dose inter- 
val during long term treatment (25-50 mg three times 
daily) the plasma free captopril concentration was 
maintained at levels which had provided some 


Table 2 Long tenn response to captopril treatment in 14 patients. Values are mean (SD) unless stated otherwise 


Before captopril 
P 
c vascular resistance (dyn s cm-*) 2397 (768) 

Nie systemic pressure (mm Hg) 92-7 (14 8) 
Cardiac output (l/min) 2:88 (0-61) 
Pulmonary end diastolic pressure (mm Hg) 301(63) 
Mean right atrial pressure (mm Hg) 11-8 (3-3) 
Heart rate (beats/min) 76-6 (9 3) 
Plasma remn activity (ng/ml/h) 26(29) 
Exercise duration (min) 264 (303) 
Echocardiographic fractional shoctening (96) 10 8 (3-6) 
Nuclear eyection fraction (%) 24:1 (7-0) 





After 1-2 months’ % Change p value (pared 
treatment t test) 
1926 (635) =19:6 <0 001 
88 7 (10-8) 43 NS 
3:49 (0 +212 «0-01 
24 4 (5:5) +18-9 <0 02 
9-6 (3-5) —18-6 NS 
72-3 (9-5) 5:6 NS 

8-3 (4-3) +219 (n*11) «0-0] 
4 48 (3-26) +70 <002 
14-0 (3 8) +30 <0-01 
34-0 (11-3) +41 (n=10) <0 05 





Plasma free captopril concentrations in heart failure 


haemodynamic response in the acute study. Plasma 
renin activity remained increased but showed a 
further increase after the dose. This suggests that'a 
thrice daily dosage schedule is adequate for maintain- 
ing a haemodynamic response but possibly not at a 
maximal level throughout the eight hour period at this 
dosage. Larger doses of captopril are, however, 
associated with a greater incidence of side effects, and 
for this reason dosages of >150 mg/day. are now sel- 
dom used. 
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Role of echocardiography in differential diagnosis of 
broad complex tachycardia 


CHRISTOPHER WREN, RONALD W F CAMPBELL, STEWART HUNTER 
From the Freeman Hospital, Newcastle upon Tyne 


SUMMARY [Itis not always easy to distinguish between supraventricular tachycardia with aberration 
and ventricular tachycardia by electrocardiographic analysis alone. M mode echocardiography can 
often help by providing direct or indirect evidence of the relation between atrial and ventricular 
contraction. Sixteen consecutive patients with spontaneous sustained broad QRS complex tachycar- 
dia with heart rates of 120-225 beats/minute were examined. Echocardiographic evidence of 1:1 
conduction was seen in three cases and 2:1 atrioventricular conduction in one (all four had supraven- 
tricular tachycardia, confirmed by intracardiac electrocardiography in three). Evidence of retrograde 
block was seen in 12 (all had ventricular tachycardia, with electrophysiological confirmation in 10). 
Satisfactory views of the mitral valve were obtained in all patients. 

Patients with ventricular tachycardia had a variable mitral valve opening time (range 42-11096) 
compared with those who had supraventricular tachycardia (9 —1596). Aortic root and left atrial 
views gave direct evidence of atrial contraction in three cases, and subcostal right atrial wall views 
were diagnostic in four of five cases. Seven patients with ventricular tachycardia had been wrongly 
diagnosed elsewhere as having supraventricular tachycardia. This study confirms that echocardio- 
graphy is a simple and rapid aid to accurate diagnosis in patients with broad QRS complex tachy- 


cardia. 


It may be difficult to decide whether a broad complex 
tachycardia is supraventricular or ventricular in 
origin. Examination of the surface 12 lead electrocar- 
diogram may provide an accurate diagnosis.! ? Clini- 
cal examination may also be helpful? if simultaneous 
observation of the jugular venous pulse and palpation 
of the arterial pulse show evidence of associated or 
dissociated atrial contraction. 

When the diagnosis is in doubt after clinical exami- 
nation and analysis of the electrocardiogram, the 
choice lies between assessing the response (physiolog- 
ical or pharmacological) to treatment and invasive 
investigation. 

M mode echocardiography has been shown to be a 
useful investigation in this situation, mainly by pro- 
viding non invasive evidence of atrioventricular 
association or dissociation.4~* Various echocardio- 
graphic observations and variables have been sug- 
gested.*57 We set out to examine which views, fea- 
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tures, and measurements would be useful in the diag- 
nosis of broad complex tachycardias and to assess the 
technical problems of obtaining good quality record- 
ings. 


Patients and methods 


АП patients with regular broad complex tachycardias 
seen in a 16 month period in 1982—83 were eligible for 
the study whether or not the diagnosis was apparent 
from the initial electrocardiogram. 

We studied 16 patients (12 male) aged 11-82 years. 
Thirteen had ischaemic heart disease, and in five the 
arrhythmia was associated with recent or acute infarc- 
tion. Of the others, one had an ostium primum atrial 
septal defect, one hypertrophic cardiomyopathy, and 
one no identifiable heart disease. 

Seven patients were referred from other hospitals 
after initial treatment of their arrhythmias had been 
unsuccessful. Nine patients had already had antiar- 
rhythmic drugs by the time of examination, and in 
seven (including six referred patients) the initial 
treatment had been inappropriate because the correct 
diagnosis had not been made. 
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We set out to record parasternal M mode traces of 
the mitral valve and of the aortic valve and left atrium 
in all cases, and in the last five patients we also per- 
formed a subcostal examination. All M mode scans 
were derived from the sector scan. 

Recordings good enough to establish the relation 
between atrial and ventricular contraction were 
obtained in all patients. Some patients in the group 
were poor subjects for echocardiographic examination 
and many were old or ill. Echocardiography is 


difficult in this situation, and if good quality record- , 


ings were not quickly available from all parts of the 
heart and in all views we did not persist with the 
examination because urgent treatment was often con- 
sidered necessary. In two patients the episodes of 
arrhythmia ended spontaneously and the examination 
was incomplete. 

All patients had a standard 12 lead electrocardio- 
gram and a rhythm strip. The echocardiograms were 
recorded at 100 mmys with a simultaneous electrocar- 
diogram and were obtained with a Toshiba SSH-10A 
phased array scanner or an Advanced Technology 
Laboratories MK 300C mechanical scanner, both 
with 3 MHz probes. Where possible, 20 consecutive 
cycles of the mitral valve and the aortic valve were 
recorded. Manyari et al first described the pattern of 
movement of the mitral and'aortic valves in supraven- 
tricular and ventricular tachycardia.* In the light of 
their report we measured the following in our 
patients: cycle length; duration of mitral valve open- 
ing; and duration of aortic valve opening. The percen- 
tage variability of the mitral and aortic opening times 
was calculated as:  100x(maximum— minimum 
valueyminimum value. In addition, the mitral valve, 
aortic valve, posterior aortic wall, left atrial posterior 
wall, and subcostal right atrial wall were examined for 
evidence of independent or associated atrial activity 
(* A" . waves). 

In four patients the diagnosis was made confidently 
from the electrocardiogram and the response to 
treatment. In two patients echocardiography was per- 
formed during subsequent electrophysiological stimu- 
lation of the same arrhythmias because they had been 
too ill on admission for inclusion in the study. Twelve 
patients underwent electrophysiological study, usu- 
ally a limited procedure to confirm the diagnosis and 
to terminate the arrhythmia by means of programmed 
stimulation. 


Results 


Satisfactory views of the mitral valve were obtained in 
all patients. The aortic valve was seen well enough for 
measurement of the opening time in only four 
patients, and the posterior wall of the aorta provided 
diagnostic information in another two. The left atrial 
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posterior wall was seen clearly in eight patients, but in 
only one case were definite atrial contractions seen. 
Subcostal echocardiography was performed in the last 
five patients and good views of the right atrial wall 
were obtained in four. These results are summarised 
in the Table. 

Twelve patients were found to have ventricular 
tachycardia with heart rates between 132 and 225 
beats/min (mean (SD) 165 (25)). Eleven of the 12 had 
ischaemic heart disease. The diagnosis of ventricular 
tachycardia was confirmed by electrophysiological 
study in 10 cases. Of the 12 patients, 10 had evidence 
of ventriculoatrial dissociation and two had retrograde 
Wenckebach block. In two cases the admission elec- 
trocardiogram showed 2:1 ventriculoatrial conduc- 


‚Чоп, but there was retrograde block by the time the 


echocardiogram was performed, the change in one 
case being in response to carotid sinus massage. No 
ventricular tachycardia with 1:1 retrograde conduc- 
tion was seen. 

Four patients had supraventricular tachycardia 
with heart rates of 120-190 beats/min (mean (SD) 158 
(34). There was 1:1 atrioventricular conduction in 
three, confirmed by electrophysiological study in two. 
The fourth patient had atrial flutter with 2:] conduc- 
tion. Two patients with supraventricular tachycardia 
had aberrant conduction.during the tachycardia, and 
the other two had an underlying bundle branch block 
when they returned to sinus rhythm. 

The echocardiogram correctly identified the rela- 
tion between atrial and ventricular contraction in all 
patients, but in the case of 1:1 conduction it could not 
distinguish between anterograde and retrograde con- 
duction. The variability of mitral opening times in 
ventricular tachycardia was 42-11096 and in sup- 
raventricular tachycardia it was 9 -15% (Fig. 1). Aor- 
tic valve opening time in ventricular tachycardia was 
3296, 3396, and 5496 in three cases and only one value 
was obtained in supraventricular tachycardia (1696). 

Independent “А” waves on the anterior mitral 
valve leaflet have been described in ventricular 
tachycardia* but were seen in only four cases in this 
series, probably because heart rates in our group were 
higher than those reported previously. “A” waves 


Table Success rates of various echocardiographic views. 


Figures are numbers of patients 
Clearly seen Daagnostic* 
PS mitral valve 16/ id 1816 
PS aoruc valve 4/1 4/16 
PS зогс wall 9/16 2/16 
PS left atrial wall &16 1/16 
SC nght atrial wall 4/5 4/5 
*Gave defimte evidence of relanon between atrial and ventricular 
contraction. 
TSeen clearly enough for accurate measurement 
PS, parasternal; subcostal. 
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Fig. 1 Range of variability of mitral valve opening time 
(MVOT) in patients with supraventricular tachycardia 
(SVT) or ventricular tachycardia (VT) with 
ventriculoatrial ( VA) block. Bars denote mean (1 SD), 
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were not seen on the aortic valve or left ventricular 
recordings in any patient. 

Figure 2 shows the pronounced variability of mitral 
opening times seen in ventricular tachycardia, and 
this was easily distinguished from that seen in 1:1 
conduction (Fig. 3). Mitral opening was also constant 
in 2:1 atrioventricular conduction. Figure 4 shows the 
variable aortic valve opening time seen in ventricular 
tachycardia, whereas aortic opening in supraventricu- 
lar tachycardia is regular. 

Evidence of dissociated atrial activity was occasion- 
ally seen on the posterior wall of the aorta in ventricu- 
lar tachycardia and when present was diagnostic (Fig. 
5). Echocardiography of the left atrial wall was gener- 
ally disappointing as, even when it was seen clearly 
and there was other echocardiographic evidence of 
atrial contraction, “A” waves were not seen (Fig. 5). 

Subcostal views were diagnostic in four patients. 
The recordings were taken from the right atrial wall 
just above the tricuspid valve ring with the M mode 
beam being positioned on the sector scan. It was 
apparent from examining both cross sectional and M 
mode recordings that movement transmitted from 
ventricular contraction produced low amplitude 
movement or vibration of the right atrial wall in time 
with the QRS complex on the electrocardiogram. 
Atrial contractions appeared as larger amplitude dis- 
crete posterior movements. 

Subcostal examination showed ventricular 
tachycardia with retrograde block in one patient (Fig. 
6) and ventricular tachycardia with retrograde Wenc- 
kebach conduction in another.* A third patient had 





Fig. 2 Parasternal M mode 


echocardiographic view of the mitral valve (МУ) in a patient with 





ventricular tachycardia, There is pronounced beat to beat variability of mitral opening time. 
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Fig. 3 Parasternal view of the mitral valve (MV) showing the regular mitral opening (arrows) seen 
with 1:1 conduction. The diagnosis at electrophysiological study was supraventricular tachycardia. Not: 
the dilated right ventricle and reversed movement (open arrow) of the interventricular septum (IVS 
caused by a coexisting ostium primum atrial septal defect. 
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Fig. 4 Parasternal view of the aortic valve (AoV) and left atrium (LA) in ventricular tachycardia 
The duration of aortic valve opening varies from beat to beat. Aortic valve opening times are given in ms 
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Fig. 5 Parasternal view through aorta (AO) and left atrium (LA) showing evidence of clearly 

dissociated atrial activity (A) on the posterior wall of the aorta. The arrows show aortic movement related 

to ventricular contraction. The electrocardiogram (ECG) is of poor quality. Note the absence of 

contraction of the posterior wall. 
supraventricular tachycardia with 1:1 conduction  tifying the relation between atrial and ventricular con- 
(Fig. 7) and the fourth had atrial flutter with 2:1 con- traction. Patients with broad complex tachycardia and 


duction. retrograde block of any degree almost certainly have 
ventricular tachycardia. The retrograde block can be 
Discussion demonstrated directly by showing dissociated atrial 


activity on the left or right atrial walls (Figs. 5 and 6) 
Echocardiographic differentiation between supraven- — or indirectly by showing irregular mitral valve open- 
tricular and ventricular tachycardia depends on iden- ing (Fig. 2). The echocardiographic appearance of the 
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Fig. 6 Subcostal view of the right atrial wall (RA wall). The transmitted movement related to 
ventricular contraction ( V ) coincides with the electrocardiogram (ECG). Dissociated atrial contraction 
(A) is shown as clear posterior movement. Reproduced with permission of American Heart Journal.” 
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Fig. 7 Subcostal view of right atrial wall (RA) in supraventricular tachycardia in the same patient as 
in Fig. 3. There is a 1:1 relation between atrial contraction (arrows) and the QRS on the 
electrocardiogram (ECG). 


mitral valve in broad QRS complex tachycardias was 
described by Manyari et a/.* They found a clear dis- 
unction in the variability of mitral valve opening be- 
tween anterograde or retrograde conduction and 
atrioventricular dissociation. Their values of less than 
22% variability of mitral opening and less than 12% 
variability of aortic opening with 1:1 conduction, and 
68-129% mitral variability and 41—17596 aortic varia- 
bility in ventricular tachycardia with retrograde block 
accord with our results. They had only eight patients, 
however, with pacing simulated arrhythmias in three 
patients, and a maximum heart rate of 143 beats/min. 
Our study shows that variabilty of the time of mitral 
opening can clearly identify the relation between atrial 
and ventricular contraction in unselected patients 
with spontaneous arrhythmias with heart rates up to 
225 beats per minute. 

When anterograde block is present the diagnosis 
must be supraventricular tachycardia. In the event of 
1:1 conduction the echocardiogram cannot at present 
be used to distinguish between supraventricular 
tachycardia and ventricular tachycardia. It may even- 
tually be possible to tell whether conduction is 
anterograde or retrograde by timing atrial and ven- 
tricular contraction on the echocardiogram but pres- 
ent experience does not allow this. 

Fortunately, 1:1 retrograde conduction is uncom- 


mon in spontaneous sustained ventricular tachycardia 
with fast heart rates," and so echocardiographic 
confirmation of 1:1 conduction means that supraven 
tricular tachycardia is the likely diagnosis. Obviously 
the echocardiogram will not be used in isolation and 
electrocardiographic features will be taken int 
account as well. 

The patients in this study may well be an atypical 
group as several were referred when they did not 
respond to initial treatment. In most cases they had 
been treated for supraventricular tachycardia, 
whereas we proved the presence of ventricular 
tachycardia in all the referred patients. Retrograde 
conduction may have been modified by the drugs they 
had received, and this may explain why no ventricular 
tachycardia with 1:1 retrograde conduction was seen 

Views of the mitral valve were of great value in all 
our patients, whereas aortic valve and left atrial views 
were less often helpful. Many of our patients had 
ischaemic heart disease with impaired left ventricular 
function and left atrial enlargement. This may explain 
why we did not see *A" waves on the posterior wall of 
the left atrium (Fig. 5) but did see them in the right 
atrium (Fig. 6). Other workers have found left atrial 
echocardiograms useful in the diagnosis of broad QRS 
complex tachycardias.’ 

M mode recordings of the left ventricle were gener 
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ally of poor quality and were unhelpful. This was:not 
surprising as most patients had left ventricular disease 
and ventricular 1 
tachycardia is incoordinate and is much reduced. 
“А? waves were not seen on the left ventricular traces 
in any patient. | 

The echocardiographic characteristics, of various 
arrhythmias seen by subcostal scanning were 
described by Drinković, who was able to record the 


movement of the right atrial wall subcostally in all of - 


260 patients undergoing routine echocardiographic . 
examination.$!9 Others have found that adequate 
subcostal images can be recorded in most patients. 


examined in the coronary care unit.!! One advantage. ., 


of subcostal scanning is that it provides direct*evi- 


dence of the timing of atrial contraction, and in these ~ 


patients the right atrium and ventricle are less likely 
to be diseased or dilated than the left atrium and ven- 


tricle. Drinković reported the appearances -of ven- s.. 
tricular tachycardia with 1:1 retrograde conduction, ` 


pacing simulated ventricular tachycardia, and runs оё. 

ventricular extrasystoles. 19 We have shown that the 

echocardiogram is equally helpful in confirming the— 
diagnosis .in spontaneous' sustained ventricular 

tachycardia. 


Although all the М mode recordings in this series . 


were derived from the sector scan, it is possible to 
obtain satisfactory results with ап M mode machine 


alone.‘ 6 19 This brings the technique within the capa- - 


bility of many more hospitals. We feel that echocar- 
diography is of great value when the electrocardio- 
gram alone cannot distinguish between supraventricu- 
lar and ventricular tachycardia. With increasing 
experience of the technique and its interpretation the 
echocardiogram could become a standard investiga- 
tion in the diagnosis of broad complex tachycardias. 


contraction during ventricular . 


Wren, Campbell, Hunter 
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Interrelation between donor and recipient heart rates 
during exercise after heterotopic cardiac 
transplantation 


SALIM YUSUF,* ANDREW MITCHELL, MAGDI H YACOUB 
From Harefield Hospital, Harefield, Middlesex 


SUMMARY The interrelation between the rates of the innervated recipient heart and the denervated 
donor heart at rest, on standing, and during the different phases of maximal exercise was studied in 
nine patients 1-6 months after heterotopic cardiac transplantation. The resting heart rate was 
significantly higher in the donor heart compared with the recipient heart. Eight of the nine recipient 
hearts and none of the donor hearts showed an increase in heart rate on standing up. All patients 
were exercised using a Bruce protocol until fatigued. The increase in heart rate during the first three 
minutes of exercise was lower in the donor hearts (10-7(6) beats/min) than in the recipient hearts 
(30(4-8) beats/min) but the peak heart rates were almost identical (donor hearts 152:7(2:9) and 
recipient hearts 152(2-8) beats/min). Five of the nine donor hearts and none of the recipient hearts 
showed a significant increase in heart rate after cessation of exercise. Three minutes after exercise 
heart rate had decreased by only 0-2(5-7) beats/min in the donor hearts compared with 33-6(6) 
beats/min in the recipient hearts. In spite of these differences in response between the donor hearts 
and recipient hearts, there were significant correlations between the two heart rates in the same 


patient at rest, after the first three minutes of exercise, at peak exercise, and during recovery. 


Heterotopic cardiac transplantation presents a unique 
opportunity to compare the responses of the inner- 
vated recipient heart and the denervated donor heart 
simultaneously to identical stimuli. Although there 
have been previous reports of changes in heart rate in 
the denervated donor heart to exercise in experimen- 
tal! and clinical? orthotopic cardiac transplantation, 
there are no reports of similar studies after heterotopic 
cardiac transplantation. 

The purpose of this study was to examine changes 
in heart rates of the donor and recipient hearts and 
their interactions during changes in posture and 
dynamic exercise. Such studies could be of value in 
clarifying the role of the nervous system in regulating 
heart rate during different phases of exercise and in 
understanding the cardiovascular dynamics of 
patients after heterotopic transplantation. 
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Patients and methods 


Nine patients who had undergone heterotopic cardiac 
transplantation 1-6 months earlier were studied. The 
Table outlines the clinical characteristics of these 
patients, details of the underlying cardiac pathology 
of the recipient heart, data regarding the donor heart 
and drug treaument, and the results of the most recent 
cardiac biopsy (of the donor heart). 

None of these patients was receiving beta blockers, 
digitalis, or other cardiac drugs, nor did they have 
diabetes or other diseases that could affect the auton- 
omic nervous system. One patient was studied one 
month after operation, two three months, and the rest 
six months. In all patients both the donor and reci- 
pient hearts were in sinus rhythm. 


OPERATIVE TECHNIQUE 

Heterotopic cardiac transplantation involves the 
insertion of the donor heart into the right chest in 
parallel with the recipient heart. Anastomoses are car- 
ried out between the donor and recipient superior 
vena cavae, left atria, aorta, and pulmonary arteries. 
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Case Мо Sexiage of recipient Age of Interval from operation. MUN Drugs Recent bropsy 
- 60 donor (ук) to exercise (mnih) findings 

1 M/27 16 2 CCM Imuran, cyclosponn A No rejection 

2 M/42 14 5 IHD rene 4 ишип, No rejection 

3 M46 16 4 IHD prednisolone, imuran, Mild rejection 

4 MISO 30 6 IHD one, imuran, No rejection 
cyclosponn A 

5 M/42 19 5 CCM isolone, muran, Mild rejection 
cyclosponn A Е i 

6 M/45 32 2-5 IHD Imuran, prednisoli Mild rejection 

7 M59 36 3 IHD Imuran, one No rejection 

8 F/30 13 6 CCM isolone, muran, No rejection 

9 M/42 20 1 IHD Imuran, cyclosporin A, No rejection 
diuretics 


CCM, congestive cardiomyopathy, IHD, ischaemic heart disease 


This modified technique, where the vena cavae.are 
anastomosed instead of the right atria,> preserves the 
‘arteries to both sinoatrial nodes and the nerves to the 
recipient heart. In addition, aneurysmectomy with 
coronary artery bypass grafts to the recipient hearts 


were performed in six patients who had ischaemic - i 


heart disease (Table). 


STUDY PROTOCOL Е 

A modified 12 lead electrocardiogram was obtained at 
25 mm/s before the start of exercise with lead V6R 
recorded instead of V2. The QRS complex from the 
donor heart produced the dominant positive vector in 


V6R whereas that fróm the recipient heart produced a ' 


dominant positive vector in V5 (Fig. 1). In addition, 
the configuration of the QRS complexes was com- 
pared with the preoperative electrocardiogram to help 
distinguish the complexes from the donor and reci- 
pient hearts in the different leads. 

Baseline recordings’ were obtained айе! at least 10 
minutes in the sitting position and after 30 seconds of 
standing. Exercise was then started on a computerised 
treadmill (Marquette Case) using the Bruce protocol.‘ 
A three lead electrocardiogram was printed out in the 
first five seconds of each minute of exercise and at 
every minute of recovery for at least 12 minutes. The 
leads monitored were those that enabled clear separa- 
tion of the donor and.recipient QRS complexes and 
usually included V1, V6R, and another lead. Figure 1 
shows recordings in a patient at rest and at peak exer- 
cise. Heart rate was calculated from the mean of at 
least three consecutive RR intervals for each heart at 
rest, at every minute of exercise, at peak exercise, and 
at every minute of recovery for at least 12 minutes. 


CONTROL SUBJECTS 
Eight healthy age matched male йш served as 
control subjects and followed the above protocol. 


iz] zu euer Et dl 











Fig. 1  Blectrocardiograms from a patient (a) at ret and (b) ai 
peak exercise showing separate identification of donor and 
recipient ORS complexes. 


Their heart rates were recorded at rest, on standing, 
and at every minute of exercise; and during кошу 
for 12 minutes. - ` 


STATISTICAL TECHNIQUES , 

Standard paired t tests, x? tests, and correlations were 
used to compare changes between the two heart rates. 
Results are expressed as mean (one standard error of 
mean). 


Interrelation between donor and recipient heart rates during exercise after heterotopic cardiac transplantation 


Results 


RESTING HEART RATES 

The resting heart rate was significantly higher in the 
donor hearts (106(2) beats/min) than in their respec- 
tive recipient hearts (95(6) beats/min; p<0-05) (Figs. 
2a and 3a). The donor heart rate was lower than the 
recipient heart rate in only one patient. There was a 
significant positive correlation between the two rest- 
ing heart rates (Fig. 3) (r=0-84; p<0-01). The resting 
heart rates of both the donor and recipient hearts were 
independent of age, sex, underlying cardiac pathol- 
ogy, duration since operation, drug treatment, and 
biopsy results. 


CHANGES IN HEART RATE 

With posture 

Eight of the nine recipient hearts showed an increase 
in heart rate (by 7(2) beats/min) on standing up com- 
pared with 0 of nine donor hearts (p<0-01). 


During exercise 

Exercise was stopped in all patients because of fatigue 
at 7:4(0.9 minutes (range 3-10 minutes) The 
increase in heart rate during the first three minutes of 
exercise was lower in the donor heart (10-7(3-6) 
beats/min) than in the recipient heart (30(4-8) beats/ 
min; p« 0-001) (Fig. 2b). The magnitude of increase 
in the two heart rates showed, however, a significant 
correlation during this period (r=0-75; p«0-05) (Fig. 
3b). During the later stages of exercise, heart rate 
increases in the donor heart were either similar to, or 
greater than, those in the recipient heart so that at 
peak exercise the two heart rates were not significantly 
different in the group as a whole (147(3-3) beats/min 
in donor hearts compared with 152(2:8) beats/min in 
recipient hearts) (Fig. 2a). In addition, the two heart 
rates at peak exercise showed a significant correlation 
(r=0-81; р<0:01) (Fig.3c). 


After cessation of exercise 

Five of the nine donor hearts but none of the recipient 
hearts showed an increase in heart rate after cessation 
of exercise (p« 0-05). The donor heart rate increased 
by 10-8(2) beats/min in these five patients, and a 
further two patients maintained peak heart rates for at 
least three minutes after exercise was stopped. The 
heart rate was equal to, or greater than, that at peak 
exercise for 3-2(0-7) minutes in the nine donor hearts 
during recovery. This immediate postexercise 
tachycardia was most prominent in magnitude and 
duration in the three patients exercised within three 
months of operation (+7, +13, and +16 beats/min; 4 
minutes, 5 minutes, and 6 minutes respectively). The 
number of patients studied is, however, too small for 
statistical comparison. At three minutes after exer- 
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cise, heart rate had decreased by only 0-2(5-7) beats 
min in the donor hearts compared with 33-66) 
beats/min in the recipient hearts (p<0-001) (Fig. 2c) 
Despite this there was a good correlation in the 
changes in heart rate between the two hearts (г= 0-83; 
p<0-01), as patients showing an increase in donor 
heart rate after exercise showed the smallest decrease 
in recipient heart rate measured over the same period 
(Fig. 3d). 

The subsequent rate of decrease in the two heart 
rates was similar (—12:8(1.5) beats/min in donor 
hearts compared with —12(2-7) beats/min in the reci- 
pient hearts at 3-6 minutes after exercise) (Fig. 2c). 

There was a weak trend when the magnitude of the 
heart rate decrease in the two hearts during this 
period was compared (r—0-62; p« 0-05). 

Figure 4 illustrates the changes in rate in the donor 
and recipient hearts in a typical patient studied at four 
weeks and shows the increase in donor heart rate after 
cessation of exercise. 


RELATION OF RESTING RATE AND RECOVERY 
RATE 

The resting heart rate did not correlate with the 
changes in the first three minutes of exercise or recov- 
ery in the donor hearts but showed significant inverse 
correlations in the innervated recipient hearts 
(r=0-85; p«0-01 and r—0-81; p<0-01 respectively). 
The increase in heart rate during the first three 
minutes of exercise correlated inversely with the 
decrease in heart rate during the first three minutes of 
recovery in both the donor (r=0-79; р<0:01) and 
recipient hearts (г=0:76; p<0-01) separately and 
overall (r=0-87; p<0-001). 


COMPARISONS BETWEEN RECIPIENT HEARTS AND 
CONTROL SUBJECTS 

The resting heart rate in the heterotopic recipient 
hearts (95(6) beats/min) was significantly greater than 
in the controls (76(2) beats/min} (p<(0-001). 
Nevertheless, the increases in heart rate on standing 
(7(2) beats/min in the heterotopic recipient heart and 
10(4) beats/min in the control subjects) and during the 
first three minutes of exercise (30(4) and 2% 3) beats; 
min respectively) were similar. The control subjects 
exercised longer, however, and reached higher heart 
rates (14(1) minute and 183(9) beats/min respectively) 
than the transplant patients (82) min апа 152/2-8) 
beats/min; p<0-01 and 0-001 respectively), The 
decrease in heart rate in the first three minutes after 
the cessation of exercise was similar (expressed as a 
percentage of the total heart rate increase) in both the 
controls and recipient hearts (—62(396 and 
—57(8)96). 
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Ш Donor Heart 


[_] Recipient heart 
Ж p<0-05 
жж p<0-001 


^ 


Rest Peak 0-3min 0-3min _ 3-6min 
- exercise exercise — 
Fig. 2 Heart rates (a) cris et Ge eek exercise, (b) in thefirst three minutes of exercise (% increase), and (c) at recovery (% 
decrease) in the donor and recipient hearts 
Discussion controls suggests, however, similarity in the changes 


The interrelation of the changes in the rate of the 
denervated and innervated hearts, in the same subject 
during identical stimuli, is a useful model to study the 
contribution of the nervous system to heart rate con- 
trol since current evidence suggests that the donor 
heart remains denervated after transplantation, and 
the nerves to the recipient heart are not severed dur- 
ing heterotopic transplantation. Although this is the 
main factor that can explain the differences in 
response between the two hearts, other possible fac- 
tors include the: possible inhibitory influence of 
-baroreceptor mediated stimuli (although these-are of 
less importance during exercise®) on the recipient 
heart due to the added random ejection by the donor 
heart. In addition, the position of the heterotopic 
donor heart, in.the right side of the chest, and the 
peculiar mode of atrial filling and aortic emptying 
produced by the specific type of anastomosis may 
influence its response. Although the recipient heart 
may have intact nerves and a patent arterial supply, 
the response to exercise can be modified by the under- 
lying cardiac pathology Mer cardiomyopathy 

or ischaemic heart disease). Comparison -of Һе 
artis of the recipient heart with those of-heaithy 


їп. heart rate response to standing during the first 
three minutes of exercise and recovery, although the 
resting heart rate, duration of exercise, and peak heart 
rate were significantly different. This suggests that it 
would be valid to compare the heart rate changes in 
the donor heart with those in the recipient heart of the 
same patient. 

The resting heart rate of the donor heart was higher 
than that of the corresponding recipient heart in eight 
of nine patients, and -this’ finding is consistent with 
vagal and sympathetic denervation.” The heart rate of 
the heterotopic donor hearts that we observed is com- 
parable to those found after pharmocological auton- 
omic blockade," and is similar to the heart rate in 
patients with orthotopic human transplants in our 
own- experience and that reported from other 
сепігеѕ.2 8 The resting heart rate in the innervated 
recipient heart was inversely reldted to heart rate 
changes in the early minutes of exercise and recovery. 
This indicates that, with higher vagal tone, resting 
heart rate is lower and rises rapidly during early exer- 
cise owing to vagal.withdrawal and falls rapidly after 
exercise owing to vagal : stimulation. The resting heart 
rate in the recipient hearts was, however, significantly 
higher than in the controls and is probably related to 
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the fact that these are severely diseased hearts. A lack 
of immediate increase in heart rate on standing up in 
the donor hearts is consistent with denervation,? and 
contrasts with the increase seen in the innervated 
recipient hearts. 

Previous experimental work has shown that the 
autotransplanted canine heart is capable of normal 
work capacity.2!° There are, however, pronounced 
differences in the initial response to exercise between 
the denervated and normal canine heart. An increase 
in heart rate predominates in the normally innervated 
heart,!! whereas increases in stroke volume predomi- 
nate in the denervated heart!? with little initial heart 
rate increase.? !? We have seen only a small increase in 
heart rate in the initial three minutes of exercise in the 
denervated donor heart whereas the corresponding 
increase in the innervated recipient heart was 
threefold. This slow initial acceleration of the donor 
heart!‘ is consistent with the reports of Pope et al in 
human orthotopic transplants.? In addition, we have 
observed that the magnitude of initial heart rate 
increase in the innervated and denervated hearts cor- 
related, suggesting that even at this low level of exer- 
cise there may be some chronotropic mechanisms that 
are common to the two hearts. These may be due 
either to low concentrations of circulating cate- 
cholamines or to some undefined intrinsic regulation 
in response to increased venous return. 

During the latter phases of exercise the heart rate 
increase in the donor and recipient hearts was vari- 
able, but in general the two heart rates tended to con- 
verge so that at peak exercise the two heart rates were 
similar. This is of particular interest and suggests that 
at peak exercise non-neural mechanisms—for exam- 
ple, plasma catecholamines, which are at their max- 
imum at peak exercise!4 !5—may be the chief mechan- 
ism and that any upregulation in В receptor density! 
and affinity in the denervated heart may almost 
exactly compensate for the absence of sympathetic 
nerve stimulation. 

The greatest. dissociation in the heart rate response 
of the denervated donor heart and innervated reci- 
pient heart was observed after -the cessation of exer- 
cise. While the innervated heart rate decreased 
rapidly, the denervated hearts showed little change 
overall. Indeed, the heart rates were increased above 
those observed at peak exercise in five donor hearts 
for several minutes. These changes have not been 
reported before, either in experimental denervated 
hearts or after orthotopic transplantation. This may 
be due to the fact that in previous reports of exercise 
in orthotopic transplantation the studies were per- 
formed at 12—61 months? or at 7-18 months.5 By con- 
trast, our patients were exercised much earlier (1—6 
months). The postexercise tachycardia was most pro- 
nounced in the three patients exercised under three 
months and may be a feature of the early months after 
cardiac transplantation. The mechanism(s) of these 
changes is unknown but may be due to the heightened 
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response of the donor heart to the circulating 
catecholamines, which have been shown to continue 
to increase after exercise has stopped.!? In spite of 
the pronounced difference in heart rate changes bet- 
ween the two hearts during the first three minutes of 
recovery, there is a close correlation in individual 
patients suggesting the presence of non-neural linked 
mechanisms affecting both hearts. 

This study has served to identify the specific inter- 
relations between the heart rate at rest and the 
response during different phases of dynamic exercise. 
We hope that this will be of value in understanding 
the physiological mechanisms governing heart rate 
changes and help in the management of patients after 
cardiac transplantation or those with automatic 
nervous disorders. 
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Prevalence and clinical significance of aortic valve 
prolapse 


L M SHAPIRO, B THWAITES, C WESTGATE, R DONALDSON 
From the National Heart Hospital, London 


SUMMARY The prevalence and clinical significance of aortic valve prolapse were determined prospec- 
tively in 2000 consecutive patients undergoing routine clinical cross sectional echocardiography. 
Two hundred and twelve patients were excluded because the aortic cusps were not adequately 
visualised. Aortic valve prolapse was defined as downward displacement of cuspal material below a 
line joining the points of attachment of the aortic valve leaflets. Twenty four cases of aortic valve 
prolapse (1:296) were identified. The patients were aged 12—64 years and nine were women. All had 
underlying valvar heart disease and the commonest lesion (in 11 cases) was prolapse of the larger 
cusp in bicuspid valves. Aortic valve prolapse was seen in four patients with mitral valve prolapse 
(two with severe regurgitation), one of whom had marfanoid aortic root dilatation. The remaining 
examples of aortic prolapse were seen in patients with various disorders including one with pulmo- 
nary atresia, two with aortic root disease (one with dissection and one with idiopathic dilatation), 
and one case of severe mitral regurgitation. Valves destroyed by infective endocarditis were seen in 
two cases. Aortic valve prolapse may be detected in various cardiac disorders and does not imply the 
presence of aortic regurgitation, but when bicuspid aortic valves are present it may well be impor- 
tant in producing such regurgitation. Although aortic valve prolapse may be associated with severe 
forms of mitral valve prolapse, these patients rarely have aortic regurgitation. 


In patients with aortic regurgitation and a normal or 


dilated aortic root the M mode or cross sectional 
echocardiographic appearances of the aortic valve may 
be surprisingly normal. Often the only apparent 
abnormality is thickening of the valve or restricted 
cusp motion.! Aortic regurgitation in a dilated aorta is 
thought to be the result of malalignment and inadequ- 
acy of the cusps, but the valve may be competent and 
appear to be normal despite a grossly dilated aortic 
root.? The mechanism of aortic regurgitation in the 
absence of root dilatation is also often unclear, espe- 
cially in bicuspid aortic valves, but anatomical studies 
suggest that such valves are usually regurgitant.? Aor- 
tic valve prolapse has been reported in surgical and 
necropsy studies?* and may also be shown by 
echocardiography in patients with mitral valve pro- 
lapse.59 The thin aortic valve cusps are less echo 
reflective than those of the more voluminous mitral 
valve, and therefore it may be more difficult to iden- 
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tify aortic valve prolapse. With the progressive 
improvement in image resolution by cross sectional 
echocardiography such features may be more readily 
seen. 

- The purpose of this study was to determine the 
prevalence of aortic valve prolapse in patients under- 
going routine cross sectional echocardiography and to 
determine the relation of aortic valve prolapse to 
mitral valve prolapse and aortic regurgitation. 


Patients and methods 


Two thousand consecutive patients aged 9 to 83 years 
with all forms of heart disease who underwent routine 
M. mode and cross sectional echocardiography were 
included. Patients with prosthetic aortic valves were 
excluded. The presence of an aortic early diastolic 
murmur was noted and graded out of four. The clini- 
cal details of patients were extracted from the case 
notes. 


ECHOCARDIOGRAPHIC TECHNIQUE 
Cross sectional echocardiograms were performed on 
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Hewlett-Packard phased array apparatus (model 
77020A) with a 3-5 or 5 MHz transducer. Complete 
echocardiographic studies in the parasternal, sub- 
xiphoid, suprasternal, and apical views were routinely 
obtained and recorded on half inch (13 mm) video 
cassette tapes. To minimise difficulties with trans- 
ducer angle and positioning we analysed only images 
obtained with the patient in the semi-left lateral posi- 
tion and taken in the long axis parasternal view. We 
measured left ventricular cavity size in systole and 
diastole (minimum and maximum cavity size respec- 
tively) and aortic root dimensions at end systole. 


DEFINITIONS 

Aortic valve prolapse was diagnosed when either or 
both of the right or non-coronary aortic valve cusps 
(seen in the cross sectional echocardiographic long 
axis view) showed backward bowing towards the left 
ventricle beyond a line joining the points of attach- 
ment of the aortic valve leaflets to the annulus (Fig. 1). 





Fig. 1 Long axis parasternal cross sectional echocardiogram in 

a patient with a bicuspid aortic valve and mild to moderate aortic 
stenosis . Aortic valve prolapse (AV P) is clearly seen with cuspal 

material below a line (cl) joining the points of attachment of the 
aortic leaflets to the annulus . 


Mural valve prolapse was diagnosed when there was 
a systolic mitral click and a late systolic murmur or 
both. Systolic buckling or hammocking of the mitral 
valve detected by M mode echocardiography or mitral 
valve prolapse detected by cross sectional echocar- 
diography also had to be present. 

Aortic root dilatation was diagnosed when the end 
systolic aortic measurement exceeded 3-8 cm (2 SD 
from normal). 

A bicuspid aortic valve was identified if either of the 
following was present (а) if in a diastolic short axis 
parasternal view the aortic valve did not form a nor- 
mal Y pattern with commissures at 2, 6, and 10 
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o'clock and only two well defined cusps were 
identified with a single closure line; (6) if inspection at 
operation or necropsy showed a bicuspid aortic valve. 


Results 


Of the 2000 patients, 216 had no evidence of cardiac 
disease and in 212 the aortic valve cusps were not 
adequately imaged. The presence of valvar 
calcification made the aortic valve much more difficult 
to image and the aortic valve was seen sufficiently well 
in only 38 of 86 such patients. A total of 325 patients 
had rheumatic heart disease, 296 had valve replace- 
ment, 336 had coronary heart disease, and 320 had 
aortic valve disease (of whom 37 clearly displayed 
bicuspid aortic valve). Hypertrophic cardiomyopathy 
was seen in 63, congestive cardiomyopathy in 126, 
and mitral valve prolapse in 68 cases. The remaining 
260 patients had various congenital heart diseases, 
pericardial disease, hypertension, and other less 
common conditions. 

In patients without cardiac disease, the point of 
aortic valve closure was always above a line joining the 
valve attachments. We identified 24 patients with aor- 
tic valve prolapse, all of whom had evidence of cardiac 
disease; the Table shows their clinical details. They 
were aged 12 to 64 years and nine were women. In 10 
the right cusp, in six the non-coronary cusps, and in 
eight both cusps had prolapsed. In seven cases the 
thickness of the aortic valve appeared to be normal, in 
one patient with infective endocarditis there appeared 
to be a vegetation on the aortic valve, and the remain- 
der had some valve thickening. In only one case was 
there evidence of aortic valve flutter (valve destroyed 
and flail after endocarditis). Eleven of the 37 patients 
with obviously bicuspid valves had aortic valve pro- 
lapse, two had associated subvalvar aortic stenosis, 
and two had previously undergone aortic valvotomy. 
In seven, prolapse of the larger cusp was seen (Figs. 
2a, 2b, and 3) and in four there was prolapse of both 
cusps (Figs. 1 and 4). 

Only four of the 68 patients with mitral valve pro- 
lapse had aortic valve prolapse and seven had aortic 
root dilatation; one patient had both. Aortic valve pro- 
lapse was identified in only three patients without root 
dilatation (Fig. 4). Two other patients had aortic 
valve prolapse together with a dilated aortic root due 
to unknown causes or pulmonary atresia. Aortic valve 
prolapse in three patients was associated with rheuma- 
tic mitral and aortic valve disease. Although all these 
patients had aortic regurgitation, the predominant 
haemodynamic abnormality was related to the mitral 
blood flow. Seven patients with aortic valve prolapse 
did not have clinical evidence of aortic regurgitation. 
They included one patient with a bicuspid aortic 
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Table Chmcal details of patients with aortic valve prolapse 
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AV, aorne valve; AVG, aortic valve айс (шш SCA 
idiopathic aortic root dilatanon; Rh eumstic, ВСА 


AVOT, valvotomy, AVS, aortic valve stenosis, AR, aornc regurgitanon; ARD, 
bicuspid aortic valve, MVD mutral valve disease, MR, mitral regurgitation, MVP, 


mitral n prolapse, MVR, mitral valve replacement; CAD, coronary artery disease, $VAS, subvalvar aortic stenosis, SBE, subacute bacterial 


FAV day early diastolic murmur graded out of 4 
+, present, — 


ent, E, enlarged; N 


valve, one with mild rheumatic aortic valve disease, 
and all four patients with mitral prolapse. 


Discussion 


We examined the prevalence of aortic valve prolapse 
in 2000 consecutive patients undergoing routine 
echocardiography. Although only 1-2% of patients 
had aortic valve prolapse, 30% of those with a bicus- 
pid aortic valve showed prolapse. Both mitral and aor- 
tic valve prolapse were found in four patients, one of 
whom had marfanoid aortic root dilatation; aortic 
valve prolapse without root dilatation was seen in only 
three patients, two of whom had severe mitral regur- 
gitation. Aortic valve prolapse was also seem in three 
cases with rheumatic heart disease and two with infec- 
tive endocarditis. This latter finding is contrary to 
that reported by Becher et al who often found aortic 
valve prolapse in cases of endocarditis.” Aortic valve 
prolapse is known to be associated with a subaortic 
ventricular septal defect, but no such patient was 
identified in our series.? 

There are several problems with the echocardio- 
graphic diagnosis of aortic valve prolapse. The aortic 
valve cusps may not be clearly seen and even with 
apparatus giving the highest resolution currently 
available, adequate images were obtained in only 


destroyed by шега TAoruc yas present. {Redundant regurgitant mitral valve with no obvious prolapse. 
,8 normal 


89-396 of patients. There is no standard definition of 
aortic valve prolapse; that chosen for this study was of 
unknown sensitivity and specificity but in each case 
there was clear evidence of downward displacement 
and cuspal material below the aortic valve annulus. 
We excluded those echocardiograms that were not 
aligned along the left ventricular/aortic long axis since 
such echocardiograms often simulate aortic valve pro- 
lapse. This situation is analogous to that in mitral 
valve prolapse may be demonstrated in patents with- 
out evidence of cardiac disease.? 

Aortic valve prolapse was most commonly found in 
bicuspid aortic valves and this confirms the findings of 
a recent study.? We found that in all cases the 
echocardiographically larger cusp prolapsed, but in 
four cases both cusps appeared to prolapse. Bicuspid 
aortic valves dome upwards in systole and prolapse 
downward in diastole, reflecting their cuspal distor- 
tion and fusion. Ejection clicks are typical of a bicus- 
pid aortic valve; however, some patients may have a 
prolonged and loud closure sound,!? possibly due to 
the sound of cuspal prolapse. Bicuspid aortic valves 
may be predominantly regurgitant,?!! and in the 
absence of infection and extensive calcification aortic 
valve prolapse is presumably one of the mechanisms 
responsible for such regurgitation. There were 212 
patients in whom the aortic valve cusps could not be 
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Fig. 2. Two echocardiograms of patients with prolapse of 
the larger cusp of a bicuspid aortic valve. (a) Prolapse in a 
patient with no aortic regurgitation. (b) Similar appearance 
of the valve in a patient with severe valvular regurgitation. 
AO, aorta; АУР, aortic valve prolapse. 


adequately visualised and the cusps were obscured in 
38 of the 86 with aortic valve calcification. A substan- 
tial proportion of the latter are likely to have had 
bicuspid aortic valves and therefore aortic valve pro- 
lapse may well be more common than indicated by 
this study. 

An association between aortic valve prolapse and 
mitral valve prolapse has been reported by others. 
Sahn et al identified aortic root dilatation in 85% of 





Shapiro, Thwaites, Westgate, Donaldson 


жел 


Fig. 3 Echocardiogram showing prolapse of both aortic valve 
cusps їп a patient with mild aortic stenosis only and no 
regurgitation. AVP, aortic valve prolapse. 





Fig. 4 Aortic valve prolapse in a patient with a normal sized 
aortic root and severe mitral regurgitation due to mitral valve 
prolapse. There was no clinical or angiographic evidence of aortic 
regurgitation. AV P , aortic valve prolapse. 


patients with mitral valve prolapse!? and aortic valve 
prolapse was seen in 20% of such patients.’ In 
patients with associated aortic and mitral valve pro- 
lapse, aortic regurgitation was seen in four of 175 and 
eight of 12 саѕеѕ.!3 Our findings contrast with these 
reports, since only seven of our 68 cases of mitral 
valve prolapse had aortic root dilatation and four of 
the seven had skeletal or other manifestations of Mar- 


Prevalence and clinical significance of aortic valve prolapse 


fan’s syndrome. Only three patients without aortic 
root dilatation showed aortic valve and mitral valve 
prolapse, and two of these had severe mitral regurgita- 
tion requiring valve replacement. No patient had clin- 
ical evidence of aortic regurgitation. Aortic root dila- 
tation or severe mitral regurgitation are manifesta- 
tions of a more extreme form of the developmental 
connective tissue abnormality (unlike cases with 
minor echocardiographic mitral valve prolapse®) and 
they may represent a group with multivalvar myx- 
omatous degeneration or a formes fruste of Marfan’s 
syndrome,‘ !4 

In conclusion, aortic valve prolapse was an infre- 
quent finding in patients undergoing routine clinical 
echocardiography. Although these findings may rep- 
resent an echocardiographic phenomenon rather than 
a diagnosis, in each case there was other evidence of 
valve disease, unlike the situation in individuals with- 
out evidence of valve disease in whom mild mitral 
valve prolapse may be demonstrated by echocardiog- 
raphy. In aortic root dilatation, the prolapse may 
occur with the formes fruste of Marfan's syndrome, 
presumably because of a defect in collagen metabol- 
ism, as occurred in the three patients with mitral valve 
prolapse without aortic root dilatation. In our series 
aortic valve prolapse was most commonly seen in the 
larger cusp of a bicuspid aortic valve. Three cases of 
rheumatic heart disease with predominant mitral 
valve involvement and two cases of infected valves 
were also seen. Presumably aortic valve prolapse may 
be the cause of aortic regurgitation, particularly in 
bicuspid aortic valves, valves destroyed by infection, 
and those malaligned because of root dilatation. Aor- 
tic valve prolapse did not imply the presence of aortic 
regurgitation, especially when aortic valve prolapse 
was associated with mitral valve prolapse. 
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Embolisation procedures in congenital heart disease 
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SUMMARY Eight therapeutic embolisation procedures were performed by the transcutaneous cathe- 
ter technique in seven patients with congenital heart disease. After surgical correction of tetralogy of 
Fallot (four patients), catheter embolisation was used to occlude two large aortopulmonary collater- 
als (one patient), three small aortopulmonary collaterals (one patient), and two Blalock-Taussig 
shunts (two patients). In two patients congenital coronary anomalies were occluded—a coronary 
arteriovenous malformation and a coronary artery/bronchial artery anastomosis. In one patient a 
pulmonary arteriovenous malformation was embolised. 

Detachable balloons were used to occlude six large arteries, the three small arteries were occluded 
with small gelfoam fragments, and the pulmonary arteriovenous malformation was occluded with 
multiple steel coils and large gelfoam pieces. Successful occlusion was achieved in all cases. No 
complications were encountered and the procedure was well tolerated even in the two patients 
receiving postoperative intensive care. 

Therapeutic embolisation in suitable cases is a safe and effective alternative to surgery and the 
detachable balloon technique is effective in occluding high flow vessels. 


The scope and feasibility of interventional radiological Four patients with tetralogy of Fallot had under- 
techniques have increased dramatically in recent gone corrective surgery. They had all undergone sur- 
years. Although therapeutic embolisation procedures gical palliation earlier in life by insertion of Blalock- 
are now widely used in various clinical settings, their Taussig shunts, in one case bilaterally. After correc- 
application to congenital heart disease has been tive surgery, two had important residual aortopulmo- 
limited. : nary collaterals and two had patent Blalock-Taussig 
Surgery remains the generally accepted treatment shunts. One of these Blalock-Taussig shunts had been 
for significant arteriovenous fistulous connections ligated at corrective surgery (case 2). 
related to the heart and great vessels. Access to these Two patients had primary coronary vascular 
structures and their identification may be difficult, ^ malformations—one had a very large circumflex 
particularly when repeated operations are necessary. artery to coronary sinus fistula associated with aneur- 
Moreover, it may be impossible to decide which'struc- — ysmal dilatation of the coronary sinus (case 7); the 
tures may be ligated safely, for example when there is ^ other had a large circumflex to bronchial artery anas- 
a dual blood supply to the lungs from both the pul- — tomosis as well as a severe localised and proximal 
monary and systemic arterial systems. We describe ^ stenosis of the left anterior descending coronary artery 
here'the application of embolisation techniques tovar- (case 1). 


ious types of congenital heart disease. One patient who had a large pulmonary arterioven- 

ous malformation ‘was cyanosed and polycythaemic 

- Patients and methods (haemoglobin, 17 g/dl) (case 3). He had presented 
8 with a cerebellar infarct. 


Between 198] and 1984 therapeutic embolisation pro- In all cases the patient’s clinician had formed the 
cedures were performed in six patients aged 3-67 view that treatment was indicated and that surgery 
-yeats at this hospital, and one patient aged 21 years at should: be undertaken if attempts at therapeutic 


the Westminster Hospital (see Table). embolisation failed. Informed consent to the embol- 
isation procedure was obtained from either the patient 

ia : or his. parents. 
uests for reprints to Dr J Е Reidy, Department of Radiology, The method of therapeutic embolisation depended 
(GUY Hospital, Londen ЗЕ ЭАТ. on the size of the vessel to be occluded and the type of 
Accepted for publication 13 May 1985 anomaly. The following methods were used for 
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Table Embolisation procedures in patients with congenital heart disease 





Wase — Age(yr) Clinical 


Embolisation method 





8 mm silicone balloon 
(angioplasty at same 
Latex 12 mm balloon 


(2) Steel coils and gelfoarn 


Two latex 12 mm 


4 mm silicone balloon 


Small gelfoam fragments 


Previous surgery Vascular abnormality 
sex 
H 67M Angina None Circumflex-bronchial 
arterial anastomosis. 
Stenosis of LAD coronary procedure) 
artery 
2 11M Tetralogy of Fallot (D Left B-T shunt Patent left B-T shunt 
(2) Complete correction. 
Ligation of B- T shunt 
3 52M Cerebellar infarct. None Large single pulmonary (D Steel coils 
Polycythaemia arteriovenous malformation 
secondary to 
arteriovenous 
malformation 
4 21 F Tetralogy of Fallot (D B-T shunt Two large systemic collaterals 
(2) Complete correction from descending thoracic balloons 
aorta 
5 4F Tetralogy of Fallot (1) Left B-T shunt Patent right B-T shunt 
Complete AV septal (2) Right B-T shunt 
defect, Down’s (3) Complete correction. 
syndrome Left B-T shunt ligated 
6 ЗЕ Tetralogy of Fallot (1) Right B-T shunt Three enlarged systemic 
(2) Complete correction. collaterals/bronchial 
Right B-T shunt arteries from descending 
ligated aorta 
7 16M Symptom free, None Large circumflex coronary 


Latex 12 mm balloon 












Successful. 
angiogram 
later 
occlusion 

Successful 





Successful. Init 
procedure red 
fiow. The 
produced toi ion 






Successful 





Successful (Шей 3 weeks 
later) 


Successful 


Successful 


cardiomegaly. 
Reversible myocardial 
ischaemia due to 
coronary steal 


B-T, Blalock-Taussig; AV, arteriovenous; LAD, left anterior descending. 


embolisation: detachable balloons (five cases), silicone 
mini balloon (Becton- Dickinson) (cases 1 and 5), and 
latex balloons (Ingenor) (cases 2, 4, and 7); steel coils 
(William Cook Europe Aps) (case 3); and gelfoam 
(Sterispon, Allen and Hanburys) (cases 3 and 6). 

Silicone mini balloons can be used to occlude ves- 
sels up to 8 mm in diameter. The smaller mini balloon 
(4 mm diameter) could be placed through a 5 French 
gauge catheter and this has advantages in small chil- 
dren. Where the vessels to be occluded were larger, 
latex balloons up to 12 mm in diameter were used. 
The silicone balloons are inflated with iso-osmotic 
contrast medium and have an extra advantage in that 
they may be fluid propelled. They are prepared ready 
for use, unlike the latex balloons which come in a kit 
form and have to be prepared and hand ued to the 
balloon catheter before use. The latex balloons are 
initially inflated with contrast medium to determine 
their position and their occluding effect. Contrast 
medium is then aspirated and replaced with an equal 
volume of a mixture of two silicone monomers. At 
body temperature these polymerise in about 15 
minutes and then vulcanise. At this stage the process 
is no longer reversible. When the arteries to be 
occluded were small (case 6) and a detachable balloon 
or steel coil could not be safely inserted small particles 
of gelfoam (Sterispon) were injected through the 
catheter placed in the proximal vessel. 

In the case of the pulmonary arteriovenous malfor- 


artery-coronary sinus 
fistula and aneurysm 





mation (case 3) in which it was considered appropriate 
to obliterate the malformation as well as the feeding 
arteries, multiple steel coils were used in addition to 
large gelfoam fragments. In this case two embolisation 
procedures were required to achieve complete occlu- 
sion. 


Results 


In all of five cases in which detachable balloons were 
used to occlude major arteries complete occlusion was 
confirmed by angiography at the end of the proce- 
dures (Figs. 1, 2, 3, and 4). In one of these patients 
(case 1) coronary arteriography seven months after the 
embolisation confirmed permanent occlusion as weli 
as a good postangioplasty result (Fig. 1). In the other 
four cases follow up clinical evaluations, supported 
when appropriate by radionuclide studies, confirmed 
that successful occlusion had persisted. 

In the patient (case 3) with the pulmonary 
arteriovenous malformation (Fig. 5a) the initial 
embolisation procedure with three large steel coils was 
only partly successful. Despite an improvement in the 
arterial oxygen saturation to within the normal range, 
a study with radionuclide labelled microspheres 
showed that right to left shunting though reduced was 
still appreciable. A pulmonary arteriogram three 
months after this embolisation procedure showed that 
the single feeding artery was sull patent (Fig. 50). 
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Fig. 1 (a) Left coronary arteriogram in case 1 . Note the severe 
proximal stenosis of the anterior descending branch of the 
coronary artery (white arrowhead). The point of occlusion of the 
fistula must be distal to the last marginal branch (black arrow). 
(b) 7 months after embolisation and angioplasty. The balloon is 
filled with contrast (black arrowheads) and positioned well distal 
to the last marginal branch (black arrow). Good angioplasty 
result noted . 


Complete occlusion was produced with three further 
steel coils and large gelfoam pieces (Fig. 5c). Subse- 
quent radionuclide studies showed no evidence of 
right to left shunting. They also showed a segmental 
perfusion defect in the region of the occluded mal- 
formation. 

The patient in whom multiple aortopulmonary col- 
laterals were embolised with gelfoam particles showed 
clinical improvement, and successful occlusion of the 
arteries was seen angiographically (Fig. 6c). 
Radionuclide studies showed an appreciable decrease 
in the left to right shunt after the procedure. 


Fig. 2 (а) Injection into the Blalock-Taussig shunt (catheter 
via right sided aortic arch) in case 2. Note the dilatation of the 
subclavian artery and the stenosis where it anastomoses unth the 
left pulmonary artery. (b) Post embolisation injection of medium 
into the Blalock-Taussig shunt shows occlusion and a radiolucent 
defect due to the silicone filled balloon. The rounded opacity is 
due to some residual contrast in the balloon, and the very small 
density area (white arrowhead) is a metal marker in the balloon. 


In the patient with the left circumflex coronary 
artery-coronary sinus arteriovenous malformation 
(case 7) the flow through the circumflex coronary 
artery was so great that normal myocardial branches 
were not visualised when the aortic root or main coro- 
nary artery were injected (Fig. 4a). Only when a 
non-detachable balloon catheter with proximal injec- 
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Fig. 3 (a) Selective injection into a large 
aortopulmonary collateral arising from the lower 
descending thoracic aorta in case 4. (b) The 9FG 
introducing catheter is positioned well in the artery 
(large arrowhead). The latex balloon has been passed 
more distally. It is inflated with contrast bur is still 
attached to the balloon catheter (small arrowheads 
After a satisfactory position was obtained the contras 
was replaced with silicone and the balloon detached 
An injection via the introducing catheter conforms the 
occlusion. (d) Selective injection into the second large 
aortopulmonary collateral, Good opacification of the 
right pulmonary artery is seen (arrowheads). (e) Ther 
is complete occlusion postembolisanon. The balloon + 
non-radivopaque 
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Fig.4 (а) Aortic root injection (left anterior oblique projection) 
in case 7 shows a very large circumflex coronary artery draining 
into the coronary sinus aneurysm (white arrowheads) and thence 
to the right amin. (b) Non-detachable balloon catheter (contrast 
filled) (arrowheads) occludes the fisnila, A normal complement of 
left coronary artery branches 1s now seen by a proximal injection 
(right anterior oblique). (c) Left anterior oblique projection after 
balloon enbolisation. Note the rounded defect produced by the 
silicone filled balloon 


tion holes was placed so that it occluded the distal 
artery and fistula could the normal left coronary 
branches be clearly demonstrated (Fig. 4b). This 
non-detachable balloon was left inflated for 15 
minutes and produced no adverse clinical effects or 
ischaemic changes on the electrocardiogram. Some 
right bundle branch block occurred, but a month 
after embolisation this was no longer present. Coro- 
nary angiography after balloon — embolisation 
confirmed occlusion of the fistula and the presence of 
all the normal coronary branches (Fig. 4c). A pre- 
embolisation thallium computed tomogram showed 
reversible myocardial ischaemia due to a left coronary 
steal, and a repeat study three months after embolisa- 
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tion showed that these changes had largely resolved. 

The procedure was tolerated in all patients includ- 
ing two (cases 5 and 6) who were still receiving post- 
operative intensive care. None of our patients had 


complications attributable to embolisation. One 
patient died (case 5) of a cause unrelated to embolisa- 
tion three weeks after the procedure. To date, the 
remainder are alive and well. 

Two patients (cases 1 and 2) have been the subject 
of previous case reports.! ? 


Discussion 


In recent vears many methods of transcatheter embol- 
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Fig. 5 (a) Pulmonary arteriovenous malformation in case 3 
with a single large feeding artery. (b) Injection into this sam 
artery three months later shows that it is still patent despite two 
large steel coils having been placed in the artery and one in the 
malformanon. (c) At a second procedure further coils and larg: 
gelfoam pieces were placed more proximally. A postembolisanon 
arteriogram shows complete occlusion. 
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isation have been developed. Each has its advantages 
and disadvantages which must be taken into account 
when a decision is made on the type of procedure to 
use. Furthermore, the comparative risks of trans- 
catheter embolisation and the surgical alternatives 
must be assessed since the clinical state of the patient 
and knowledge of the risks, failures, and complications 
of surgery will often dictate the course of action. 
Transcatheter occlusion of persistent ductus 
arteriosus was introduced more than 10 years ago,’ 


Fig. 6 (а) An injection mto the descending thoracic aorta in 
case 6 shows three aortopulmonary collaterals (black 
arrowheads) . (b) A selective injection into one shows pronounced 
vascularity in the upper part of the lung. (c) After enbolisation 
the overall vascularity was appreciably reduced . 


but it has not become generally accepted because the 
success rate of surgical closure is predictably high 
with a very low risk. Embolisation has not proved 
itself to be a simple and safe alternative. 

The application of transcatheter embolisation in 
congenital cardiovascular malformation has also been 
limited. Occlusion of collateral arteries to the lung in 
tetralogy of Fallot has been reported,* and more 
recently five assorted congenital vascular anomalies in 
the thorax have been embolised by means of Gian- 
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turco steel coils.5 In one case the tissue adhesive Buc- 
rylate was used to occlude a bronchial artery before 
surgical repair in tetralogy of Fallot.* Apart from the 
embolisation of pulmonary arteriovenous malforma- 
tions’ reports generally describe experience in single 
cases," 19 

Our experience with this varied group of cases 
prompts several comments. Firstly, in skilled hands 
these procedures are successful and we encountered 
no complications. Secondly, they can be carried out 
even in young children. Thirdly, embolisation can be 
successfully performed and is well tolerated in criti- 
cally ill patients. 

Detachable balloon embolisation was used in five of 
our seven cases. Balloon embolisation has been em- 
ployed in only a very small fraction of all embolisation 
cases and has mainly been used in intracerebral vascu- 
lar malformations.!! The major advantage of using 
detachable balloons is that they can be positioned in 
the vessel at the exact point where occlusion is 
required. Only when this position and the occluding 
effect have been confirmed by contrast medium 
injected through the introducing catheter is the bal- 
loon finally detached. Up to this time the process, 
unlike all other forms of embolisation, is reversible. 
In fistulous vascular connections and malformations 
with large vessels and high flow this avoids the risks of 
distal embolism. The high blood flow in large arteries 
may make them difficult то occlude completely. 
Detachable balloons of up to 12 mm in diameter can 
be used to occlude all except very large vessels. Sev- 
eral detachable balloon embolisation systems are 
available but only two were used in our patients. 
These balloons are biologically inert and produce 
permanent occlusion. 

There are risks associated with the use of detach- 
able balloons and operators must have experience in 
embolotherapy before attempting such procedures, 
especially in the heart. Difficulties with underinflation 
or use of too small a balloon may occur. Detachment 
of the balloon can then lead to pulmonary or, more 
seriously, systemic embolism. It may be difficult to 
detach silicone filled latex balloons. Alternatively 
premature detachment before vessel occlusion is a risk 
with the silicone balloons, especially in high flow 
arteries. Also early deflation can occur as they are 
filled with contrast media. Use of large introducing 
catheters and coaxial catheters in what may be lengthy 
procedures increases the risks of intravascular throm- 
boembolic complications. These are reduced by 
routine heparinisation.!? 

Sometimes aortopulmonary collaterals consist of 
small and multiple arteries and thus are unsuitable for 
balloon embolisation. The precise site of embolisation 
in these end arteries, however, is not critical, and 
simpler embolisation materials can be used in such 


isi 


vessels. Radiologists have for many years been 
embolising hypertrophied bronchial and intercostal 
arteries in patients who have severe haemoptysis and 
chronic lung disease. Usually particulate emboli such 
as the biodegradable Sterispon have been used, 
although liquid embolic agents (alcohol, cyanoacry- 
late) have sometimes been advocated. Rarely a bron- 
chial or intercostal artery also gives rise to a spinal 
medullary branch and spinal cord damage may be a 
complication of such embolisations.!? Before embol- 
isation is considered, careful selective arteriograms 
(cut film is better than cine film) are essential. The 
presence of an anterior spinal artery arising from an 
intercostal/bronchial aortopulmonary collateral is an 
absolute contraindication to embolisation. With a 
careful approach and use of particulate rather than 
liquid emboli the risks appear to be very low. Of 104 
patients who have had embolisation of bronchial and 
non-bronchial arteries for massive haemoptysis there 
were no medullary complications reported.'* Care 
must also be taken to avoid the more general compli- 
cations of embolisation such as reflux of emboli and 
embolisation of distal aortic branches. 

Multiple steel coils and large pieces of gelfoam were 
used to occlude the large pulmonary arteriovenous 
malformation. Though this was successful it took two 
procedures to occlude the vessel completely. Though 
others have used coils successfully to occlude pulmo- 
nary arteriovenous malformations, use of a single 
detachable balloon would probably have been as effec- 
tive and perhaps more appropriate. 

Only three of our seven patients had not previously 
had cardiac surgery. The other four cases all had 
complex congenital heart disease and had surgery on 
at least two occasions. In all four cases further surgery 
would have been necessary in the absence of an alter- 
native embolisation technique. Two patients (cases 5 
and 6) were regarded as poor surgical risks. In all our 
cases the aim of the embolisation was achieved and 
there were no complications related to the procedure. 

Although the indications for these procedures are 
limited, there is scope for the extension of their use. 
For example, catheter embolisation of systernic to 
pulmonary collaterals in patients with multifocal 
blood supply can be performed. In the controlled 
environment of the catheter laboratory, trial revers- 
ible occlusions controlled by radioisotope imaging of 
the distribution of pulmonary perfusion! could pro- 
vide the ideal method of differentiating those collater- 
als which it is safe to occlude from those which it is 
not. 

Our results strongly suggest that in skilled hands 
transcatheter embolisation is a safe and effective 
treatment of certain congenital cardiovascular mal- 
formations. Embolisation can be performed in criti- 
cally ill children, and when vascular access is available 
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it can be repeated when necessary. Embolisation рго- 
cedures should be useful. techniques complementary 
to surgery, and may in some instances obviate the 
need for operation. 


We thank Dr J S Staffurth, Dr E Sowton, Mr P B 
Deverall, and Mr J C Lincoln for permission to report 
details of some of these cases. 
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Functional and anatomical correlates in atrial septal 
defect 


An echocardiographic analysis 


J COLIN FORFAR,* MICHAEL J GODMAN 
From the Department of Cardiology, Royal Hospital for Suck Children, Edinburgh 


SUMMARY The results of cross sectional echocardiography, intracardiac contrast echocardiography, 
and balloon sizing techniques and conventional haemodynamic assessment were correlated in 40 
consecutive patients evaluated for an isolated left to right shunt at atrial level. Echo free areas along 
the septum were identified in 23 of 25 patients with a secundum defect, but not in two with a 
fenestrated defect, and in the upper atrial septum in three of four patients with a sinus venosus 
defect. No false positive results occurred in 11 patients with a probe patent foramen ovale. Saline 
contrast injection into the left atrium showed significant left to right shunting in all patients with 
atrial septal defect; inferior vena caval injection produced right to left shunting in 15 of 29 patients 
and a negative contrast éffect in eight of 29 patients with an atrial septal defect, although neither 
correlated quantitatively with defect diameter or magnitude of the left to right shunt. 

Echocardiographic assessment of defect size as small, moderate, or large showed a highly 
significant correlation with balloon measurement of defect diameter, although some overlap between 
the groups was evident. In contrast, the correlation between defect diameter and pulmonary to 
systemic blood flow ratio was poor, mainly because of highly variable shunting in patients with an 
anatomically large defect. 

Cross sectional echocardiography has high sensitivity and specificity in the diagnosis of the 
non-fenestrated atrial septal defect and provides quantitative information about defect diameter. 
Contrast studies do not add to the diagnostic value of imaging from the subcostal position. The poor 
correlation between defect size and the measured shunt suggests that the latter may not be the best 
criterion for surgical management and that size could be an important factor likely to influence both 
the long term prognosis and the decision for closure. 


The decision to close defects of the interatrial septum 
in younger patients conventionally rests on the extent 
of intracardiac shunting assessed by oximetry. 
Although there is little debate about the management 
of patients with a high pulmonary blood flow and 
right ventricular enlargement, the relation between 
flow and defect size with a small or modest overall 
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. recognised ,?~ 5 
‘echocardiography as a diagnostic aid remains uncer- 


shunt without specific chamber enlargément is less 
well understood and the decision for closure is less 
clear cut.! 

The diagnosnc value of cross sectional echocardi- 
ography in identifying atrial septal defects has been 
although the place of contrast 


tain. 8 

The purpose of this study was to assess the sensitiv- 
ity and specificity of cross sectional echocardiography 
in the diagnosis and quantitative evaluation of atrial 
septal defects and to examine the relation between 
defect size and the extent of interatrial shunting, the 
latter measured conventionally by oximetry and 
directly by intracardiac contrast echocardiography. 
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Fig. 1 


Patients and methods 


Forty consecutive patients (19 boys, 21 girls; aged 
1-16 years) were studied over a 21 month period at 
the time of cardiac catheterisation for evaluation of a 
possible isolated left to right shunt at atrial level. 
Patients in whom an ostium primum defect was sus 
pected, those with additional cardiac malformations. 
or those with a calculated pulmonary vascularity resis- 
tance in excess of 4 units were excluded from the 
analysis. After all of the investigative procedures, 25 
pauents were categorised as having a secundum 
defect, four a sinus venosus defect, and 11 a probe 
patent foramen ovale without evidence of intracardiac 
shunting. 


ECHOCARDIOGRAPH Y 

After clinical evaluation, including echocardiography 
and chest radiography, each patient underwent an 
echocardiographic examination before cardiac 
catheterisation. Cross sectional studies of the inter- 
atrial septum were performed from the subcostal and 


Echocardiographic grading of the atrial septum from the subcostal position as intact (a), or showing a small (b), moderate (с), 
or large (d) defect 


the apical four chamber view using an ATL Advanced 
850 mechanical sector scanner with 3 or 5 MHz 
transducers or Kontron Irex Mark III phased array 
scanner. The septum was classified as intact (0) or 
showing a small (+), moderate (++), or large (+++) 
defect where 30%, 30-60%, or >60% of total septal 
length respectively appeared to be free of echoes 
(Fig. 1). 

Contrast echocardiographic studies were performed 
from the left atrium and inferior vena cava at the time 
of diagnostic catheterisation. Saline injections (2- 
4 ml) were repeated if necessary until dense 
opacification of the chamber was achieved. Injection 
into the left atrium allowed classification of the left to 
right shunt as small (+), moderate (++), or large 
( + + +) according to whether opacification within the 
atrium and ventricle was minimal, less than, or equal 
to opacification of the left sided chambers. Injection 
into the inferior vena cava established the presence or 
absence of right to left shunting at atrial level 
(Fig. 2a) or a negative contrast effect where filling of 
the right atrium by non-opacified blood from the left 


Size and shunting in atrial septal defect 


Fig. 2 Immacardiac contrast echocardiography after injection 
into the inferior vena cava showing (a) right to left shunting 
across a defect and (b) a negative contrast effect where right atrial 
filling is followed by a contrast free area (arrow) on the right side 
of the septwn as non-opacified blood enters from the left atrium 
often before appreciable right ventricular opacification. 


atrium resulted in a contrast free area on the right side 
of the septum at the level of the defect, often before 
significant right ventricular opacification occurred 
(Fig. 2b). 


HAEMODYNAMIC MEASUREMENTS 

Routine cardiac catheterisation was performed from 
the saphenous vein under light ketamine anaesthesia. 
The atrial septum was crossed in all patients except 
one with a high sinus venosus defect. Arterial oxygen 
saturation was equated with a sample from the left 
ventricle or femoral artery and mixed venous satura- 
tion derived from superior (SVC) and high inferior 
(IVC) vena cava saturation according to the formula*: 
mixed venous saturation (96) = (3SVC + HIVC)/4 
saturation (96). The pulmonary systemic blood flow 
ratio was derived from standard options. 


BALLOON SIZING TECHNIQUE 

Measurement of defect diameter was achieved using а 
balloon catheter according to the method of King et 
al.'° A Fogarty 8-8F, 8-10F, or 8-14F embolectomy 
catheter (Edwards Laboratories, Santa Ana, Califor- 
nia) was advanced into the left atrium and drawn 





across the defect into the right atrium with inci 
volumes of dilute contrast until resistance wa 





the balloon remained in the left atrium (F 
maximum volume in the balloon that allowe 
defect to be crossed was noted. The defect dia 
was derived by inflation of the balloon to exact 
same volume and directly measured using à ser 
calibrated aluminium templates (Fig. 3b). R 
ducibility studies by the same observer showed а 





imum variability in defect diameter in eight patient 


(measured twice during catheterisation) of 
Technically satisfactory sizing of a secundum 
was achieved in all except one patient, in who 
8-14F catheter proved too large for the saphi 
vein; maximum balloon diameter with 8- 10F cat 


was 24 mm. Sizing was possible in only two 
patients with a sinus venosus defect. As prelin 
studies, in agreement with King ег al,'” had fo 


large margin of safety between the manufacu 
recommended maximum liquid capacity for th« 
loon and the volume at which the balloon ги 
occurred (with a minimum rupture volume 
times the recommended maximum inflatior 

the maximal liquid capacity was exceeded b 
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Fig.3 (a) Angiograms showing balloon sizing of defect diameter from anteroposterior (top) and left oblique projection (below). The 
contrast filled balloon lies across а secundum defect and the maximum volume needed to cross the defect is noted and the diameter at 
that volume derived using a series of calibrated templates (b) 





Fig. 4 Echocardiograms showing (a) an aneurysm of the intra-atrial septum protruding into the right atrium. The aneurysm was 


associated with a large fenestrated septal defect, although no echo free areas are seen. (b) A sinus venosus defect produced an echo free 
area (arrow) in the upper atrial septum 


oe 
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Table Contrast echocardiographic assessment of atrial shunting and negative contrast effect in patients with atrial septal defect and 





patent foramen ovale 
No of panants No wath No uath No with 
left-right shunt right-eft shunt negatroe contrast 
Amal septal defect 
Secundum 25 25 14 8 
Sinus venosus 4 3* 1 0 
Patent foramen ovale il 5 0 0 


*Defect not crossed in one patient. 


50% before a change was made to a catheter with a 
larger balloon. No complications of the procedure 
were noted. The inflated balloon floated into and 
wedged in the main pulmonary artery in two patients 
but was rapidly deflated without any apparent adverse 
haemodynamic effect or arrhythmia. 


SURGICAL ASSESSMENT 

Further assessment of defect diameter at the time of 
closure on cardiopulmonary bypass was available in 
22 patients. For the purposes of comparison with the 
balloon sizing technique, the shape of the defect was 
noted and its area carefully measured. In those 
patients with non-circular defects, a diameter giving 
an area equivalent to that measured at the time of 
operation was used for comparison with the balloon 
sizing technique. 


364 OFenestrated secundum detect 8 
WFenestrated defect with septal aneurysm 
& Snus venosus defect 


ASD diameter (balloon) (mm) 
м 
© 





ASD size (echocardiography) 


Fig. 5 Diameter of atrial septal defect (ASD) by 
echocardiography and balloon sizing techniques (n=38). Mean 
(SD) values are shown. 0, intact; +, small; ++ ао 
+++, large. 


STATISTICAL ANALYSIS 

The relation between echocardiographic assessment 
of defect size and balloon size or pulmonary blood 
flow was analysed by analysis of variance. Balloon and 
surgical assessment of defect size was correlated with 
balloon size and pulmonary blood flow using a linear 
regression coefficient with least squares method of 
analysis. 


Results 


DIRECT ECHOCARDIOGRAPHY 

Echo free areas were seen along the atrial septum in 23 
of 25 (92%) patients with a secundum defect, but not 
in two patients, both of whom had a fenestrated defect 
(one of which occurred in association with a septal 
aneurysm) (Fig. 4a). Echocardiography also identi- 


Balloon (mm) 


о Balloon diameter >24mm 





0 4 8 12 6 20 2 28 32 36 
Operation (mm) 

Fig. 6 Companson of atrial septal defect diameter measured 
directly at operation and indirectly by balloon sizing techniques 
(п=18). 
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п Fenestrated secundum defect 
® Fenestrated defect with septal aneursym 
A Sinus venosus defect 


Fig. 7 Relation of pulmonary to systemic blood flow ratio (Qp:Qs) to size of atrial septal defect estimated by (a) balloon diameter 
(n=38), (b) balloon diameter indexed to body surface area (n=38), and (c) echocardwography (n=40). 0, no shunt; +, small; 


++, тейит; +++, large. 


fied echo free areas in the upper atrial septum in three 
of four patients with a sinus venosus defect (Fig. 4b), 
but the defect was not visualised in the fourth patient. 
. Although thinning of the septum at the level of the 
fossa ovalis was observed in most of the 11 patients 
with a foramen ovale, echo free areas along the sep- 
tum were not seen. 


CONTRAST ECHOCARDIOGRAPHY 

Contrast injection into the left atrium showed variable 
left to right shunting in all of the 28 patients with an 
atrial septal defect in whom the defect was crossed 


(one sinus venosus defect not crossed). А small 
amount of left to right shunting, probably catheter 
related, was also present in five of the 11 patients with 
a foramen ovale. Right to left shunting at atrial level 
was detected in 15 of 29 patients and a negative con- 
trast effect in eight of 29 patients with an atrial septal 
defect, but neither was seen in patients with a for- 
amen ovale. The Table summarises these results. 


SIZING TECHNIQUES 
The echocardiographic grading of defect size as small, 
moderate, or large showed a fairly close and highly 


S126 and shunting in atrial septal defect 


36 ? 9 
g со 3-0 
32 e 
28 
~ . е o 2.5 
E 24 9 9 
м LÀ o 
520 е x o o br 
Eis cns 8| 2| pof 
= 16 ее е 9 
mede" de 
O12 : e o o 
е 15 
8 б б 
4 
R-L NC R-L Nc 9 


Fig. 8 Balloon assessment of atrial septal defect (ASD) 
diameter (©) and pulmonary to systemic blood flow ratio (Qp:Qs) 
(О) in patients in whom a right to left (R-L) shunt or negative 
contrast (NC) effect was seen. 


significant (p<0-005) relation to the diameter 
measured by the balloon, although some overlap bet- 
ween the groups was evident (Fig. 5). The balloon 
technique did not distinguish between defects of 
«10 mm in diameter and a foramen ovale, but this 
has little practical significance as all the defects cor- 
rectly identified by echocardiography had a diameter 
of 2211 mm. In both patients with a fenestrated sec- 
undum defect, the balloon substantially underesti- 
mated overall defect size. 

Of the 18 patients in this series who had undergone 
operative closure of a simple non-fenestrated secun- 
dum defect, comparison of defect diameter measured 
at operation with that at catheterisation showed a 
close correlation with no tendency for either 
measurement to vary systematically with respect to 
the other (Fig. 6). ' 


RELATION BETWEEN DEFECT SIZE AND SHUNT 

In contrast, the relation between defect size and pul- 
monary to systemic blood flow ratio at the time of 
catheterisation was poor (Fig. 7a). No correlation was 
evident unless defect diameter was indexed to body 
surface area, when the correlation did achieve statisti- 
cal significance (Fig. 7b). In patients with large 
defects (>25 mm in diameter) the ratio of pulmonary 
то systemic blood flow varied from 1-3 to 3:1. A simi- 
lar variability in defect diameter was present in 
patients with a large left to right shunt, although for 
anatomical reasons, either because of fenestration or 
position high in the septum, the accuracy of balloon 
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sizing was limited in some of these patients. Varia- 
bility in the measured shunt was particularly pro- 
nounced in patients with a large (+++) defect on 
echocardiography (Fig. 7c). The mean left to right 
shunt in seven patients with a small (+) defect was 
1:5:1 and the maximum shunt 2-0:1. 

The presence of a right to left shunt or negative 
contrast effect did not allow prediction of either the 
size or the magnitude of the intracardiac shunt in 
patients with an atrial septal defect (Fig. 8), both 
measurements showing considerable variability in the 
patients with these contrast phenomena. 


Discussion 


This study has validated cross sectional echocardi- 
ography in children as a sensitive and specific inves- 
tigation for the diagnosis and quantitative evaluation 
of isolated defects of the айпа] septum with two excep- 
tions. Firstly, fenestrated secundum defects (present 
in 2 of 25 (7%) patients with atrial septal defect in this 
series) may be missed on echocardiography, and, sec- 
ondly, the sensitivity of diagnosis of defects of the 
upper atrial septum remains in some doubt for in this 
series a sinus venosus defect was not visualised ın опе 
out of four patients in whom it was present. It is not 
surprising considering the anatomy of fenestrated 
defects that they can be missed by cross sectional 
echocardiography, but the recognition of an atrial 
aneurysm ог an increased right ventricular dimension 
with paradoxical septal motion on M mode recording 
should prompt consideration of this diagnosis. 
M mode echocardiographic findings compatible with 
right ventricular volume overloading in the presence 
of an intact fossa ovalis by cross sectional echocar- 
diography should also alert the examiner to examine 
the upper atrial septum and pulmonary venous drain- 
age with care, particularly if the clinical findings have 
suggested an atrial septal defect. 

Although minute degrees of right to left shunting 
have been detected in children with uncomplicated 
ostium secundum defects,!! we found that despite 
dense right atrial opacification from central injection 
of contrast medium right to left shunting was present 
in no more than 50% of children. Furthermore, the 
range of defect size and pulmonary to systemic blood 
flow ratios in patients with echocardiographically 
demonstrated right to left shunting was considerable 
(Fig. 8) and too large to allow classification of the 
defect likely to be associated with this type of shunt. 
This observation does not accord with that of Fraker 
et al, who noted right to left shunting in all of 11 adult 
patients with an atrial septal defect, seven of whom 
had no right to left shunt detectable by oximetry.5 
Technical factors or changes in right atrial or right 
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ventricular compliance with age may explain this dif- 
ference. 

A negative contrast effect was present in 28% (8/29) 
of patients in our series, a figure considerably lower 
than that reported by Weyman et al in a study of 12 
patients with atrial septal defect and a mean age of 31 
years’ but somewhat similar to that reported by Koil- 
pillai et al in 50 consecutive patients.!? Although 
demonstration of right to left shunting or negative 
contrast effect may have a place in the differentiation 
of the smaller defect from thinning of the septum in 
the region of the fossa ovalis, we do not believe that in 
children contrast studies contribute significantly to 
the diagnostic value of imaging from the subcostal 
position. 

The ability of balloon sizing techniques to predict 
accurately the diameter of defects has been estab- 
lished in this study for the uncomplicated secundum 
defect by comparison with measurements obtained 
during defect closure on cardiopulmonary bypass. 
For technical reasons the procedure cannot reliably 
determine the size of a sinus venosus or fenestrated 
secundum defect. Balloon sizing has, however, pro- 
vided an anatomical measurement that can be conve- 
niently used as a reference for validation of echocar- 
diographic techniques and has confirmed that the 
extent of echo free areas defined on echocardiography 
from the subcostal position does indeed correspond to 
the margins of the septal defect itself. Echocardiogra- 
phy may thus have particular value in longitudinal 
studies of the natural history of the smaller defect that 
is not closed surgically!? and may provide information 
about which type-of defects can undergo a spontane- 
ous reduction in size.'4~ 16 

The poor correlation between defect diameter and 
pulmonary to systemic blood flow ratio (Fig. 7a and 
b) raises doubts about the use of the latter measure- 
ment as the principal basis for surgical closure. In 
particular, in one patient with an anatomically large 
defect (34 mm in diameter) the measured left to right 
shunt was only 13:1. Measurement of interatrial 
shunting by oximetry in the artificial environment of 
the catheterisation laboratory provides only a crude 
index of the overall shunt. Changes in ventricular 
compliance and vascular resistance, for example on 
exercise, may substantially influence interatrial blood 
flow. 

On the other hand, echocardiographic assessment 
of defect size is independent of such influences and 
may provide important information that should 
influence the long term prognosis and hence the de- 
cision for closure. With typical clinical, radiographic, 

' electrocardiographic, and echocardiographic features, 
routine cardiac catheterisation for the uncomplicated 
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moderate or large secundum atrial septal defect is 
unnecessary. 
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Left ventricular outflow tract obstruction in complete 
transposition of the great arteries with intact ventricular 
septum 

A cross sectional echocardiography study 
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SUMMARY The roles of posterior bulging of the interventricular septum (septal bulge) and of systolic 
septal mitral apposition in patients with simple transposition of the great arteries are not known. 
Cross sectional echocardiograms of 40 such patients were reviewed (after exclusion of those with 
fixed left ventricular outflow tract obstruction) and haemodynamic findings were compared with 
long and short axis measurements within the left ventricle. There was no significant correlation 
between the degree of septal bulge and systolic gradient across the left ventricular outflow tract, but 
septal bulge correlated weakly with systolic right ventricular pressure and inversely with pulmonary 
arteriolar resistance index. Systolic left ventricular outflow gradient was inversely related to the 
minimum systolic distance between the anterior mitral leaflet and interventricular seprum. No 
patients without complete systolic apposition of the anterior mitral leaflet and interventricular 
septum had a left ventricular outflow gradient >20 mm Hg. Conversely, even when cross sectional 
echocardiography showed apparently total obstruction of the left ventricular outflow tract at some 
time in systole there was often no significant gradient detected during haemodynamic study. In the 
short axis cuts closeness of the papillary muscles to the interventricular septum or to each other was 
unrelated to systolic gradient. This study shows that (a) cross sectional echocardiography can 
identify fixed obstruction of the left ventricular outflow tract in simple transposition of the great 
arteries; (b) the degree of septal bulge, unless complicated by fibrous thickening of the anterior 
mitral leaflet and interventricular septum, is unrelated to the gradient across the left ventricular 
outflow tract; (c) the absence of systolic septal/mitral apposition excludes a significant gradient at 
that site across the left ventricular outflow tract; and (d) papillary muscle geometry is unrelated to 
dynamic gradients across the left ventricular outflow tract in this condition. 


Left ventricular outflow tract obstruction is a com- ventricular septal defect.? When a ventricular septal 


mon accompaniment of complete transposition of the 
great vessels. Whereas this additional defect is benefi- 
cial in the untreated condition,! it complicates repair 
of the transposition, whether this is by transposition 
of venous inflow or switching of the great arteries. 
It has long been recognised that the anatomical 
bases for left ventricular outflow tract obstruction dif- 
fer greatly in patients with and without an associated 
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defect is present the varieties of left ventricular 
outflow tract obstruction are diverse but well under- 
stood and easily recognised by angiocardiography. By 
contrast the genesis of left ventricular outflow tract 
obstruction when the ventricular septum is intact 
remains undetermined. 

Certain forms of left ventricular outflow tract obs- 
truction with intact ventricular septum are anatom- 
ically easily recognisable. These include pulmonary 
valve stenosis, which is rare, membranous subpulmo- 
nary stenosis (analogous to discrete membranous sub- 
aortic stendsis), which is located within a few mil- 
limetres of the pulmonary valve, and anomalous 
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attachment of the mitral valve to the ventricular sep- 
tum (clockwise rotation of the mitral valve).?* All of 
these are much less common than posterior septal 
bulge. Shaher and colleagues recognised that in trans- 
position of the great vessels with intact ventricular 
septum there was a tendency for the ventricular sep- 
tum to bulge into the left ventricle (septal bulge)?; this 
was originally attributed to septal hypertrophy. 
Yacoub and colleagues showed that when left ven- 
tricular pressure rose after the pulmonary trunk had 
been banded in preparation for an arterial switch 
operation, the septal bulge became much less promi- 
nent.5 

It has been suggested, however, that septal bulge 
itself causes left ventricular outflow tract obstruction 
in some patients. In certain cases there is also a dis- 
crete line of endocardial thickening on the crest of the 
bulge, corresponding to the point at which the free 
edge of the anterior mitral leaflet would be expected to 
come into contact with the ventricular septum at some 
stage in the cardiac cycle.6~8 The precise relation 
between septal bulge and left ventricular outflow tract 
obstruction in simple complete transposition remains 
unknown. 

Cross sectional echocardiography seems to be an 
ideal method of investigating this situation, especially 
since it not only yields haemodynamic information 
about septal bulge and motion of the anterior leaflet of 
the mitral valve (particularly in parasternal and apical 
long axis views of the left ventricle) but also demons- 
trates the mitral papillary muscles and chordae ten- 
dinae.? The téchnique should be able to display sub- 
pulmonary diaphragmatic obstruction with the same 
accuracy as it does subaortic obstruction,!? although 
Daskalopoulos and colleagues were unable consis- 
tently'to identify the exact site of subpulmonary obs- 
truction in a mixed group of patients who had trans- 
position with and without ventricular septal defects. !! 

Since left ventricular outflow tract obstruction can 
result from insertion of the mitral valve into the ven- 
tricular septum itself,!? it is also possible that obstruc- 
tion may result when the papillary muscles are 
inserted into the free wall of the left ventricle but 
unusually close to the interventricular septum. 
Furthermore, a recent postmortem study suggested 
that the angle between the great vessels may be related 
to the systolic gradient between the left ventricle and 
pulmonary trunk by virtue of the degree of wedging 
of the posterior great vessel in the left ventricular 
outflow tract.!? Cross sectional echocardiography was 
proposed as an ideal way of further testing this 
hypothesis. 

We therefore undertook this study to attempt to 
answer the following questions. Firstly, could cross 
sectional echocardiography be used to identify fixed 
abnormalities in the mitral valve or its tension 
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apparatus, in the left ventricular outflow tract, or in 
the pulmonary valve which cause an important sys- 
tolic gradient between left ventricle and pulmonary 
trunk? Secondly, we wanted to determine whether 
there was a relation between the degree of septal bulge 
or the minimum systolic distance between the anterior 
mitral leaflet and the ventricular septum and peak 
gradient from left ventricle to pulmonary trunk that 
might be useful clinically. Thirdly, we wanted to 
ascertain whether there was a correlation between the 
relation of the papillary muscles to each other or to the 
ventricular septum and the peak systolic gradient 
from left ventricle to pulmonary trunk. Finally, was 
great vessel angle related to systolic gradient from left 
ventricle to pulmonary trunk? 


Patients and methods 


From March 1980 to June 1984, 79 patients at this 
hospital underwent cross sectional echocardiography 
and cardiac catheterisation for investigation of simple 
transposition of the great vessels. Cross sectional 
echocardiograms were performed by means of an 
Advanced Technology Laboratory mark V mechani- 
cal sector scanner with a 3-5 or 5-0 MHz transducer. 
Studies were stored on three quarter inch Sony tape 
and reviewed on a Sony PS5300 playback system. 
Cardiac catheterisation was performed by standard 
techniques, but oxygen uptake was not routinely 
measured. Oxygen consumption was, however, esti- 
mated!^ and incorporated into the Fick equation for 
flow and subsequent resistance calculations. 

АП the echocardiograms were retrospectively 
reviewed in ignorance of the haemodynamic results, 
and still frame Polaroid photographs were taken of 
the left ventricle at end systole in the parasternal long 
axis cut (Fig. 1) and in the parasternal short axis cut 
(Fig. 2). The short axis pictures were taken at any 
stage in the cardiac cycle at which the mitral papillary 
muscles were clearly visible (at end diastole where 
possible). 

The relation of the great vessels to each other was 
expressed as an angle (Fig. 3) measured from still 
frame Polaroid photographs in the parasternal short 
axis cut. Ratios derived from the measurements of the 
left ventricle were compared with haemodynamic 
measurements. Those patients regarded by two 
observers to have a fixed (see Results) abnormality of 
the left ventricular outflow tract or pulmonary valve 
on cross sectional echocardiography were excluded 
from further analysis. 

'The ratios c:(a--b) and c:g were taken as measures 
of the degree of septal bulge and a:(a-- b) as a measure 
of the eccentricity of septal bulge in the long axis cuts 
(Fig. 1). The ratio d:g was taken as a measure of the 
closeness of the anterior mitral leaflet to the interven- 
tricular septum at end systole (d) compared with the 
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Fig. 1 Diagrammatic representation of parasternal long axis 
cut showing the left ventricle (LV), left атит (LA), and where 
the measurements a, b, c, d, and g were made on the still frame 
photographs . g is the diameter of the pubnonary trunk at the level 
of the pubnonary valve; d is the smallest distance in systole 
between the anterior mitral leaflet and the interventricular 
septum; the line a +b joins the anterior point of insertion of the 
pulmonary valve and the most apical point of the endocardial 
surface of the left ventricular cavity; c is a perpendicular line 
from the point of maximum septal bulge back to the line a +b that 
determines the distances a and b. 


e 
Fig. 2 Diagrammatic representation of parasternal short axis at 
the level of the tips of the mitral valve cut showing the left 
ventricle (LV), right ventricle ( RV) and where the measurements 
e, j, and h were made from the still frame photographs. e is the 
distance between the endocardial attachments of the anterolateral 
and posteromedial papillary muscles . h and j are the distances of 
the papillary muscles from the interventricular septum and f (see 
text) 1s the endocardial LV circumference. 


diameter of the pulmonary valve annulus (g) at the 
same time (Fig. 1). The ratios h:f, j:f, and (h+j):f 
were measures of the closeness of the papillary mus- 
cles to the interventricular septum (f is the endocar- 
dial circumference of the left ventricle) and e:f a 
measure of the closeness of the papillary muscles to 
each other (Fig. 2). We excluded from further 
analysis those patients who underwent surgery be- 
tween cardiac catheterisation and echocardiography, 
those in whom the interval between cardiac catheter- 
isation and cross sectional echocardiographic study 
was greater than three days, and those who had post- 





Fig. 3 Parasternal short axis cut at the level of the great vessel 
showing the method of measurement of the angle between then 
horizontal line was drawn through the midpoint of the pulmonar 
trunk (PT) and a further line was drawn to join this to the 
midpoint of the aorta (Ao). The angle between these lines was th 
great vessel angle. a, anterior; l, left; p, posterior; т, right 


operative studies only. Forty patients formed th 
remaining study group (26 male and 14 female, age: 
0-497 days mean 79-6). Twenty two patients wer 
aged <3 days and all of them had cross sectiona 
echocardiography on the same day as th 
haemodynamic study. We analysed he 
haemodynamic and cross sectional echocardiographi 
measurements by Student's г test and by multipli 
regression analysis using the Statistical Package fo 
the Social Sciences (version 7-0 Northwestern Univer 
sity) on an Amdahl mainframe computer. 


Results 


Pronounced septal bulge was common in patient 
with no pressure gradient between left ventricle an 
pulmonary artery. Thus septal bulge on its own di 
not necessarily indicate either fixed or dynamic ob 
struction. Seven patients had fixed abnormalities of 
the left ventricular outflow tract recognised by cros 
sectional echocardiography. In two this was a sub 
pulmonary membrane (Fig. 4) analogous to a subaor 
tic membrane seen in patients with normally related 
great vessels. In one this was confirmed at operation 
In another the tension apparatus of the mitral valv 
appeared to be inserted into the ventricular septun 
(Fig. 5) and this was much more obvious in real time 
scanning than on still frames. 

In the remaining four cases there was pronounced 





Fig. 4 Apical long axis cross sectional echocardiographic 
cut showing a subpulmonary membrane (m) attached to both 
the interventricular septwn and anterior mitral leaflet below 
the pulmonary valve (PV). a, anterior; i, inferior; LV , left 
ventricle; LA , left атит; p, posterior; РТ, bifurcanng, 
posteriorly situated pulmonary trunk; RV , right ventricle; s, 
superior. 





Fig. 5 
cut showing abnormal chordal attachment (ch) from the anterior 
mitral leaflet (ат!) to the interventricular septum across the left 

ventricular outflow tract. а, anterior; LA, left atrùon; LV, left 

ventricle; PT , pulmonary trunk; s , superior. 


Parasternal long axis cross sectional echocardiographic 


thickening and ridge formation either about halfway 
along the anterior mitral leaflet or on the left side of 
the interventricular septum directly opposite this 
point, or else at both points (Fig. 6a and b). Real time 
scanning in these four patients showed that there was 
a characteristic motion of the septum and anterior and 
posterior mitral leaflets, such that in systole the rela- 
tively immobile anterior leaflet was firmly clamped 
between septum and posterior leaflet, thus producing 
left ventricular outflow obstruction. This pattern was 
quite distinct from that found in patients with septal 


Robinson, Wyse, Macarmey 





Fig. 6 Parasternal long axis cuts from a patient with fibrous 
thickening (arrows) on the interventricular septal endocardial 
surface at the point of mitral septal apposition and on the anterior 
mitral leaflet. a, anterior; LA, left atrhon; LV , left ventricle; р, 
posterior; PT , pulmonary trunk; RV , right ventricle; s , superior; 
SVA, systemic venous айтип. 


bulge alone; although the septum bulged posteriorly 
in these patients, the anterior mitral leaflet was not 
squeezed. In two of the four patients with this form of 
septal and mitral obstruction, successive cross sec- 
tional echocardiograms showed progressive anatomi- 
cal obstruction but cardiac catheterisation was not 
repeated. Systolic pressure gradients were known in 
five of the seven patients with fixed obstruction (20, 
30, 56, 63, and 100 mm Hg). The gradient of 20 mm 
Hg occurred in a patient with a membrane a few mil- 
limetres below the pulmonary valve and the 30 mm 
gradient in another patient who had excessive thicken- 
ing of the anterior mitral leaflet and the interventricu- 
lar septum at their point of apposition. The four 
patients with septal/mitral apposition were analysed 
separately, but no significant correlations were found 
between systolic gradients and geometric variables, 
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apart from that expected with d:g. 

The only statistically significant (p<0-001) differ- 
ence in mean values of left ventricular geometric 
ratios and haemodynamic variables between the 
groups with and without fixed obstruction was that 
for d:g ratios (fixed obstruction n=7, d:g=0-002, no 
(fixed obstruction n=40, d:g=0-1870). 

Patients who had no cross sectional echocardiog- 
raphic evidence of anything other than uncomplicated 
septal bulge were included in the “no fixed obstruc- 
tion” group for analysis. They had systolic gradients 
ranging from 0 to 40 mm Hg (mean (SD) 15-1 (2-7)). 
The highest gradients found were 21, 35, 38, and 40 
mm Hg. None of these patients had angiocardio- 
graphic, surgical, or necropsy (one patient) evidence 
of fixed obstruction. 


LONG AXIS MEASUREMENTS 

The ratio c:(a+b) was directly related to right ven- 
tricular peak systolic pressure (r=0-277, p=0-042, 
n=40) and c:g was directly related to right ventricular 
pressure (r=0-350, p=0-013, n=40) (Fig. 7), and 
possibly to the amount by which right ventricular sys- 
tolic pressure exceeded left ventricular systolic pres- 
sure (r=0-261, p=0-052, n=40). No measure of septal 
bulge or septal eccentricity correlated with the systolic 
gradient from left ventricle to pulmonary artery. The 
ratio d:g was inversely, albeit weakly, related to sys- 
tolic gradient (r=0-403, p=0-048, n= 18) (Fig. 8) and 
to the amount by which right ventricular systolic 
pressure exceeded left ventricular systolic pressure 
(r=0-295, p=0-032, n=40). This ratio d:g was 
directly related to left ventricular systolic pressure 
(r=0-271, p=0-046, n=40) and pulmonary arteriolar 
resistance index (r=0-692, p=0-006, n=12). Among 
the patients in whom fixed obstruction was excluded 
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Fig.7 Correlation of the ratio c:g (a measure of degree of septal 
bulge) and peak right ventricular systolic pressure (n=40, 
r—0-350, p—0-013). 
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Fig. 8 Correlation between the ratio d:g (a measure of the 

the interventricular septum) and peak 7 
left ventricular outflow tract (n=18 , r= —0403 , p —0-048). 


echocardiographically, only those whose gradient 
from left ventricle to pulmonary artery was <20 mm 
Hg did not have complete mitral/septal apposition 
(d:g=0) at end systole (Fig. 9). When d:g was zero, 
however, there were similar numbers of patients with 
gradients greater than and less than 20 mm Hg, indi- 
cating that systolic apposition of the anterior mitral 
leaflet to the septum is not necessarily associated with 
obstruction. 


SHORT AXIS MEASUREMENTS 

Neither closeness of the papillary muscles to each 
other (e:f), nor closeness of the individual papillary 
muscles (h:f, j:f) to the interventricular septum were 
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Fig. 9 Comparison of d:g ratis m patients with peak 


systolic gradients of >20 mm Hg and «20 mm Hg across the 
left ventricular outflow tract. 
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significantly related to any haemodynamic variable. 
There was no significant correlation between any long 
axis measurement and the short axis measurements, 
but d:g was related to septal bulge (c:(at+b)) 
(r= —0-516, р=0:001, п=40). 


SHORT AXIS MEASUREMENT OF GREAT VESSEL 
ANGLE 

The angle between the aorta and pulmonary trunk 
was not significantly related to systolic gradient or to 
the ratio of ventricular systolic pressures but it was 
positively related to h:f (r=0-597, p=0-045, n=9) and 
(h+j):f (120-852, p=<0-002, n=9) (Fig. 10). 
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Great vessel angle (*) 
Fig. 10 Correlation of the ratio of the nen of the distances of 
the mitral muscles from the tnterventricular septwn А +] 
(see Fig. 6) to the endocardial circwenference (f) of the left 
ventricle uath great vessel angle (see Fig. 6) (n=9,r=0-852, 
p<0-002). 


Discussion 


Despite many published reports, little is understood 
about the origin of left ventricular outflow tract obs- 
truction in simple transposition of the great vessels 
when the ventricular septum is intact. Postmortem 
studies give no information on the haemodynamic 
consequences of septal bulge. The information that 
we have is derived from haemodynamic studies, 
angiocardiography, and M mode and pulsed Doppler 
echocardiography. In simple transposition there is 
usually some gradient between the left ventricular 
peak systolic pressure and the pulmonary artery pres- 
sure.” 

In an angiocardiographic study, Silove and Taylor 
implicated anterior movement of the mitral valve in 
systole as the.cause of left ventricular outflow tract 
obstruction. They drew attention to the similarities 
between the appearance of the line of contact between 
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the mitral valve and septum in simple complete trans- 
position and that in hypertrophic obstructive car- 
diomyopathy.? They reached this conclusion, how- 
ever, after selecting 17 patients with intact ventricular 
septum and an anatomical abnormality which was vis- 
ible on frontal and lateral plane angiocardiography 
from among 41 patients with peak systolic gradients 
of 215 mm Hg between left ventricle and pulmonary 
artery. They were not able to explain the presence of 
this gradient in 16 of the remaining 24 patients in 
whom no angiocardiographic abnormality was present 
in the left ventricular outflow tract. Sansa and col- 
leagues used axial cineangiographic techniques to 
determine the angiocardiographic features of left ven- 
tricular outflow tract obstruction in transposition.!5 
Their study confirmed the presence of most of the 
anatomical abnormalities associated with left ventricu- 
lar outflow tract obstruction, including septal bulge, 
but pressure measurements made at cardiac catheter- 
isation were not given. 

Most investigations by M mode and pulsed 
Doppler echocardiography have not distinguished 
between patients with and those without ventricular 
septal defect. This makes interpretation of most of the 
results difficult, since it would be surprising if 
patients with complete transposition and ventricular 
septal defect, in whom a fibromuscular subpulmonary 
tunnel is common, did not have abnormalities in M 
mode and pulsed Doppler echocardiographic record- 
ings. Nanda and colleagues reported that transposi- 
tion with left ventricular outflow tract obstruction was 
characterised by diastolic mitral/septal apposition, a 
pulmonary artery small in comparison with the aorta, 
localised subpulmonary narrowing on scanning from 
left ventricle to pulmonary artery and, in a few 
patients, anterior motion of the mitral valve in sys- 
tole, -asymmetric septal hypertrophy, and systolic 
closure of the pulmonary valve.!9 Few of these criteria 
have become established. Aziz and colleagues distin- 
guished between two types of obstruction, "fixed" in 
which the diameter of the left ventricular outflow tract 
compared with the diameter of the pulmonary artery 
was reduced throughout the cardiac cycle and in 
which there was no systolic anterior motion of the 
mitral valve, and “dynamic”, in which the left ven- 
tricular outflow tract was wide open during diastole 
but narrowed in systole.!7 All these patients with 
dynamic obstruction had anterior motion of the mitral 
valve in systole. Seven out of eight patients with 
“fixed” obstruction had an associated ventricular sep- 
tal defect and, of those patients with so called 
dynamic obstruction, two had a ventricular septal 
defect. Fifteen out of the total of 16 patients had 
already undergone repair of transposition by Mus- 
tard's operation. Furthermore, the mean systolic 
pressure gradient between left ventricle and pulmo- 
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nary artery in the patients with dynamic obstruction 
was only modest (23-2 (12:9) mm Hg). There was no 
difference in the ratio between the left ventricular 
outflow tract diameter and the pulmonary artery 
diameter in patients with dynamic obstruction and 
patients with no obstruction at all. These workers 
subsequently reported further findings in a much 
larger series of patients,!5 including 36 with left ven- 
tricular outflow tract obstruction, but their results are 
again difficult to interpret because they do not distin- 
guish between patients with and those without ven- 
tricular septal defect. Silverman and colleagues 
showed that systolic anterior motion of the mitral 
valve occurred in six out of 10 patients after Mustard’s 
operation for simple transposition; all six had a peak 
systolic left ventricular/pulmonary artery gradient of 
x25 mm Hg.!? А 

Johnson et al, evaluated 21 consecutive children 
with simple transposition before interatrial repair and 
found no correlation between the presence of a 
haemodynamic pressure gradient from the left ventri- 
cle to the pulmonary artery and any of the features 
previously regarded as diagnositic of left ventricular 
outflow tract obstruction, including systolic anterior 
motion of the mitral valve, pulmonary valve flutter, 
and premature closure of pulmonary valve during 
systole.2° Pulsed Doppler velocimetry detected left 
ventricular outflow tract obstruction in complete 
transposition of the great arteries?! but gave no indi- 
cation of the severity of obstruction. The number of 
patients with an intact ventricular septum was not 
stated, 

Although septal bulge is prevalent in simple trans- 
position after the first few days of life?? and has been 
implicated in left ventricular outflow tract obstruc- 
tions 6 little work has been done to confirm its role in 
the development of this obstruction. Our results sug- 
gest that septal bulge is usually associated with, and 
presumably the result of, the high right ventricular 
pressure and low pulmonary vascular resistance that 
typify patients with simple transposition. The greater 
the difference between the right and left ventricular 
systolic pressures, and the lower the pulmonary vas- 
cular resistance, the more the left ventricle is 
squashed by the right ventricle. These cross sectional 
echocardiographic findings in patients with complete 
transposition accord with those reported, with a single 
exception, in patients without transposition.?? 24 

We found no correlation between the degree of sep- 
tal bulge and peak systolic gradient across the left 
ventricular outflow tract and only a very weak correla- 
tion between that gradient and the degree of proxim- 
ity of the anterior mitral valve leaflet to the septum. 
These findings are surprising in view of the fact that 
Yacoub and colleagues found that left ventricular 
outflow tract gradients disappeared in patients studied 


before and after anatomical correction of simple 
transposition.’ Reversing the pressures in the two 
ventricles would presumably reduce septal bulge and 
therefore the left ventricular outflow gradient if this 
were the cause of the gradient. Other factors, such as 
reduction in flow, may account for the disappearance 
of the outflow gradient after anatomical correction. 

Two aspects of mitral/septal apposition merit 
further discussion. Firstly, it is by no means always 
the result of systolic anterior motion of the mitral 
valve. In many patients parasternal long axis views 
show that such apposition is due to posterior septal 
motion rather than to anterior mitral displacement. 
Secondly, there may be complete apposition of the 
two structures in the absence of any gradient. The 
retrospective nature of this study does not allow us to 
explain this finding. In a prospective study where 
pressures, cross sectional echocardiograms, and elec- 
trocardiograms were measured simultaneously, it 
could be established whether complete apposition 
coincided with a lack of a gradient, and, if it did, the 
importance of timing of such apposition could be 
examined. If it were to occur sufficiently late in sys- 
tole it might not produce obstruction, as has been 
suggested by Murgo and colleagues in hypertropic 
cardiomyopathy.?5 Whatever the reason for the lack 
of association between mitral/septal apposition and 
left ventricular outflow tract obstruction, it seems 
clear that the term “dynamic left ventricular outflow 
tract obstruction” should either be clarified or 
abandoned. Such a condition certainly cannot be 
diagnosed on the basis of the echocardiogram or 
angiocardiogram alone. 

Unlike Chiu and colleagues, !? we could find no cor- 
relation between the angle of the great vessels and the 
systolic gradient across the left ventricular outflow 
tract, but we did find that great vessel angle was 
significantly and positively related to h:f and (h+)):f. 
The more the great arteries run side by side the less 
wedged was the pulmonary valve and the nearer were 
the papillary muscles to the septum. 

Our findings confirm that cross sectional echocar- 
diography can identify some fixed abnormalities of the 
left ventricular outflow tract in cases of simple trans- 
position. We cannot exclude the possibility that fixed 
obstruction was present but missed; but since fixed 
obstruction is rare in anatomical specimens it is 
unlikely that many errors were made. We have also 
shown that when the left ventricular outflow tract 
appears to be normal the gradient across it will be <20 
mm Hg. We have used cross sectional echocardiogra- 
phy to demonstrate that thickening of the interven- 
tricular septum and anterior mitral leaflet at their point 
of coaptation can cause progressive anatomical left ven- 
tricular outflow tract obstruction in some patients, as 
Tynan and colleagues have suggested might occur.$ 
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This confirms what has long been suspected from 
pathological studies—that the fibrous plaque seen on 
both septum and anterior mitral leaflet is acquired 
rather than congenital. 
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Non-invasive assessment of pulmonary blood supply 
after staged repair of pulmonary atresia 
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SUMMARY Radionuclide studies were performed to determine pulmonary blood flow in six children 
who had undergone surgery for pulmonary atresia, ventricular septal defect, and hypoplastic pul- 
monary arteries with or without major aortopulmonary collateral arteries. Lung blood flow was 
assessed from both particle perfusion lung scans and the pulmonary and systemic phase of a 
radionuclide dynamic flow study. Five patients had perfusion defects identified on the particle 
perfusion lung scan. In three of these, abnormal areas were perfused only during the systemic phase 
of the flow study, a combination of findings that indicate the presence of perfusion by collateral 
arteries. In one patient no systemic perfusion was noted and in one an initial particle perfusion study 
indicated the presence of a lung segment perfused by a collateral artery. In this last patient the 
particle perfusion scan after total correction showed a reduction in the size of the lung perfusion 
defect and no evidence of lung perfusion during the systemic phase of the flow study. The particle 
perfusion lung scan in the sixth patient showed pronounced asymmetry in blood flow to the lungs 
with no segmental perfusion defect on the particle perfusion scan and no abnormalities on the 
systemic flow study. 

It is concluded that radionuclide lung perfusion and flow studies provide useful information on 
lung perfusion and merit further evaluation to define their role in the management of these patients. 


There is still debate regarding the surgical manage- 
ment of patients with pulmonary atresia, ventricular 
septal defect, and hypoplastic pulmonary arteries with 
or without major aortopulmonary collateral arteries.! 
It is, however, generally agreed that the long term 
results of surgery depend on achieving maximal direct 
segmental perfusion of the lungs and satisfactory 
relief of right ventricular outflow tract obstruction.2~4 

After each staged palliative operation haemo- 
dynamic and angiographic investigations are usually 
performed. The numbers of invasive investigations 
should be reduced if possible as each adds morbidity 
and discomfort for the patient. Non-invasive 
radionuclide assessment of lung blood flow has the 
potential for this. 

We report our experience with radionuclide studies 
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in determining pulmonary blood flow in six patients 
with this complex abnormality. Six underwent studies 
postoperatively and one was also investigated 
preoperatively. 


Patients and method 


Six patients were studied (age range 6-15 years). Each 
had pulmonary atresia, ventricular septal defect, and 
hypoplastic pulmonary arteries, five with and one 
without collateral arteries. Table 1 shows the past his- 
tory and clinical data of each patient at the time of 
radionuclide investigation. 


RADIONUCLIDE DATA ACQUISITION 

After informed consent was obtained an intravenous 
cannula was inserted into a brachial vein. A two stage 
scintigraphic procedure was then performed. Firstly, 
a standard multiple view lung particle perfusion scan 
was performed using a small field of view gamma- 
camera fitted with a general all purpose low energy 
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Case No Мағ aortopulmonary collateral arteries (MAPCA) Other procedures before repair Erg a 
прат 
Site Management 

Left lung, ligated Right ventncular outflow tract 

1 Bilateral collaterals Right upper/middle lobes, no Teconstruction 
intervention 

Right up ишде lobes,* Right ventricular outflow tract Residual MAPCA left 
2 Bilateral collaterals { transp reconstruction, right pulmonary lower lobe 

Left low lower [n * no intervention — artenrioplasty 
3t Mayor collateral Ligated Right ventricular outflow Large left to nght 

with bilateral tract reconstruction, nght shunt, no signifi- 
supply pulmonary artenoplasty cant residual 
collaterals noted 
Communicating left Ascending aorta to right pulmonary 
pulmonary artery, hgated artery shunt 

Left lower lobe, inn 
4 Bilateral collaterals Left lower lobe, 

кам ошай lob 

t upper/middie lobes, 
гама 
Right muiddle/lower lobes, 
gated 
Rught lower lobe, Маш pulmonary artery to ascending 
B laterals apaa палар ted нона. dedi 

5 lateral co en ап onary arterioj 

mo or, ligat ; 
6 None Waterston shunt t pulmonary artery 

8 mm, left pulmonary 
artery 7 mm 

*Sole blood ЮРИ. 
TNo blood seen to right middle lobe preoperatively 


collimator. А dose of technetium-99m labelled mac- 
roaggregated albumin was calculated by patient 
weight based on an adult dose of 1 mCi (37 MBq). 
Whth the patient lying supine, scintigraphic data were 
acquired on transparencies and a dedicated minicom- 
puter (DEC 11/34 computer using Gamma-1] soft- 
ware). The scans initially acquired were in the 
anterior and left and right lateral views. If there was 
evidence of a right to left cardiac shunt extra scans 
were recorded of the head and tbe kidneys. This 
phase of the study finished with a posterior lung scan 
with the patient lying supine above the gamma- 
camera. 

Secondly, a dynamic radionuclide flow study was 


Table 2 Radionuclide study data 


acquired immediately after the last lung particle per- 
fusion scan and without the patient moving in relation 
to the gammacamera. For this study technetium-99m 
as pertechnetate was injected as a bolus and images 
were acquired on to transparencies as sequential two 
second views and also into the computer as a one 
frame per second dynamic study for 50 seconds after 
bolus injection. The dose of technetium-99m used 
was calculated according to patient weight and based 
on an adult dose of 20 mCi (740 MBq).5 


DATA ANALYSIS 
А recent chest radiograph was available for each 
patient to help in the interpretation of the scans. The 








Case No Defect on lung particle perfusion scan = Dynamic lung flow scan 
Pubnonary phase defect Systemic phase visualsanon 

1 tu lobe t upper lobe Right upper lobe 
2 Let lowe os Бе lower bes Left lower lobe Бе 
3* t mi ol Right middle Right middle lol 
4 D defects Normal Normal 
5 Left upper lobe — — 

maller defect Normal Normal 
6 ght lung: left lung flow ratio 67:1 Increased flow to right lung Normal 
*No blood supply seen to nght middle lobe tively. 


Lung partcle n study only performed after transplant of major aortopulmonary collateral artery to right lower lobe. 
отте ти study репо collateral 


rmed after transplant of major aortopulmonary 


artery to left upper lobe and total repair. 
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Fig. 1 


Case 1: (a) particle perfusion lung scan in posterior view showing the right upper lobe perfusion de 
(arrow). The perfusion defect (arrow) is also shown m (b) the lung phase of the technetiwn-99 flow study, u 
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perfusion їп (c) the systemic phase of that study. L, left; R , right. 


relative perfusion of each lung from the pulmonary 
arteries was calculated from the digital images of the 
particle perfusion scan as a ratio of the arithmetic 


mean activity of the anterior and posterior images of 


each lung. The particle perfusion scans were then vis- 
ually examined for the presence of segmental defects 
representing areas of the lung that were not perfused 
from the pulmonary arteries. 


Before After 


© 








Fig. 2 Case 5: particle perfusion lung scans їп (a) the left 
lateral and (b) posterior views before and after operation showing 
absent perfusion to all but the apical segment (arrow) of the left 
upper lobe preoperatively. The perfusion defect over the right 
lung was explained by a pleural effusion present on a chest 
radiograph. Note bilateral kidney visualisation on the 
preoperative posterior image (b) indicating significant right to left 
shunting. Postoperatively the left upper lobe perfusion defect is 
much smaller and there is no evidence of right to left shunting 


To assess whether the defects corresponded to ar 
perfused by collateral arteries the first pass radio 


lide flow study was reformatted as sequential one 


ond images and then examined in a closed loop c 
format in conjunction with the sequential transpar 


cies. Perfusion of lung segments by functioning 


lateral arteries was inferred if the underperfused ar 


on the particle perfusion lung scan filled in or 


radionuclide flow study only after the bolus of tra 
had passed through the left ventricle and out of 


aortic outflow tract in the 


scintigraphic flow study. 


systemic phase of 


Results 


Table 2 summarises the results of the lung perfi 
studies and ventricular function 


SCINTIGRAPHIC FINDINGS 
Of the six pauents, five had 


perfusion defe 
identified on the particle perfusion lung scan. In th 
of these, abnormal areas were perfused only аш 
the systemic phase of the radionuclide flow sn 
whereas in one no systemic perfusion was noted 


the fifth patient initial scintigraphic abnormality 


were reduced in a subsequent study performed 


total correction. The radionuclide studies in the si 


patient showed pronounced asymmetry in bloc 


to the lungs with no segmental perfusion defects 


the particle perfusion scan and no abnormaliti 
the systemic phase of the flow study 
Case 1—This patient, who underwent repair 


in our series, had had two collateral arteries, oni 


The right sided collateral supplie 
No collateral 


each lung. 
right upper and middle lobes 


transplant was performed, but the left sided collat 


artery was ligated. At scintigraphic assessment 
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Fig. 3 Case 6: digital image in the posterior view of a 
postoperative particle perfusion lung scan showing relative 
pulmonary perfusion to night and left lungs estimated from the 
ratio of counts obtained within each lung field (left 48 000, right 
320 000; right to left ratio 6-7:1). L, left; R, right. 


operatively this patient had a perfusion defect in the 
right upper lobe, as seen on the posterior image of the 
particle perfusion scan (Fig. 1). This defect was 
confirmed on the pulmonary phase of the flow study 
(Fig. 1). Perfusion of this segment was clearly 
identified on the systemic phase of the flow study 
(Fig. 1). This finding was considered to confirm per- 
fusion of the lung segments by the known persisting 
collateral artery. 

Case 2—Angiographic confirmation of a collateral 
artery was obtained in a further patient (case 2), in 
whom а combination of scintigraphic findings similar 
to those in case 1 was observed in the left lower lobe, 
suggesting a blood supply of this region by a collateral 
artery. 

Case 3— This patient had underperfused areas on 
the particle perfusion lung scan and on the lung phase 
of the flow study with systemic flow to the right 
middle lobe. Previous invasive studies had failed to 
show any blood supply to this region. This was 
thought to suggest an angiographically unrecognised 
collateral artery. 

Case 4— This patient had multiple areas of under- 
perfusion on both the particle perfusion lung scan and 
the pulmonary phase of the flow study. These areas 
did not appear to be due to perfusion by collateral 
arteries since they were not seen to perfuse on the 
systemic phase of the flow study. 

Case 5— This patient had a particle perfusion lung 
scan before and both a particle perfusion and flow 
study after his final repair. At initial contrast angio- 
graphy collateral arteries were identified as the sole 
blood supply to the right lower lobe and to most of the 
left upper lobe. At his first operation the collateral 
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artery supplying the right lower lobe was successfully 
transplanted to the native pulmonary artery. The first 
scintigraphic study was performed after this surgical 
procedure. The expected right to left shunt was 
reflected on the particle perfusion scan by visualisa- 
tion of the kidneys (Fig. 2). Particle perfusion lung 
scans showed preserved perfusion to the apical seg- 
ment of the left upper lobe with underperfusion of the 
remainder of that lobe. He then underwent transplan- 
tation of the second collateral artery to the left upper 
lobe and subsequent total repair. Postoperatively, a 
repeat scan showed that the features of the right to left 
shunt had been abolished and the size of the perfusion 
defect in the left lung was reduced (Fig. 2). The flow 
study did not show any lung flow during the systemic 
phase to suggest residual lung perfusion by collateral 
arteries. 

Case 6—This patient had no collateral arteries. A 
Waterston shunt had been performed at 3 months of 
age. One year after total repair a follow up cardiac 
catheterisation showed a pronounced difference in the 
size of the right and left pulmonary arteries. The lung 
scan showed pronounced asymmetry of blood flow to 
the lungs (Fig. 3) with a right to left lung perfusion 
ratio of 6-7 to 1-0. The ratio of the calculated areas of 
the two pulmonary arteries from the cardiac catheter- 
isation data (Table 1) was very similar to the 
radionuclide perfusion ratio. There were no focal per- 
fusion defects in either lung field. There were no 
abnormalities on the systemic phase of the flow study, 
although its pulmonary phase also showed the 
increased blood flow to the right lung. 


Discussion 


The possibility of distinguishing pulmonary arterial 
flow from “bronchial” collateral flow using sequential 
intravenous and intra-aortic injection of indium-131 
labelled macroaggregated albumin was initially 
described by Friedman et al in patients with congeni- 
tal heart disease.^ More recently, Baker et al used 
selective injections of radionuclide labelled albumin 
microspheres for this purpose in patients with pulmo- 
nary atresia during cardiac catheterisation.? Studies to 
evaluate the systemic origin of the vascular supply in 
cases of bronchopulmonary by sequestration radionuc- 
lide angiography using technetium-99m as pertechne- 
tate have been reported in five children.* Particle 
perfusion studies have been used with intravenous 
injections to evaluate pulmonary blood flow in 
patients with tetralogy of Fallot before’ and after total 
repair.” !! This technique alone, however, is limited 
in that it provides no information on lung blood flow 
arising from systemic collaterals. There have been two 
previous reports, each describing one case, in which 
the combination of particle perfusion lung scans and 


Radtonuchde studies in pulmonary atresia’ 


radionuclide flow studies has been used to assess pul- 
monary blood flow more comprehensively, using 
intravenous injections of tracers.!! 12 

To our knowledge this is the first description of the 
use of lung particle perfusion combined with 
radionuclide flow studies to assess both pulmonary 
and systemic blood flow to the lungs in patients with 
pulmonary atresia, ventricular septal defect, and 
hypoplastic pulmonary arteries with or without collat- 
eral arteries. 1 

The surgical management of this complex abnor- 
mality requires a precise understanding not only of 
the intracardiac anatomy but also of the pulmonary 
blood ѕирріу.!3- 15 Initial cardiac catheterisation is 
performed to obtain necessary information on the 
intracardiac defect, the presence or absence of central 
pulmonary arteries and whether they are confluent or 
not, their connections with the intrapulmonary 
arteries, the number, origin, connections, and dis- 
tributions of collateral arteries, and the presence of 
stenosis of the pulmonary arteries or of collateral 
arteries. 

Follow up catheterisation is usually performed 
before each stage of surgical repair to identify residual 
abnormality. Uneven growth with residual stenoses of 
central pulmonary arteries has also been described by 
Kirklin in his review of Freedom et al.! Right ven- 
tricular outflow tract patches, peripheral shunts, and 
collateral artery transplantation all have the potential 
of producing stenosis.!5!7 There may be persistence 
of stenosis or occlusion of transplanted collateral 
arteries or residual arborisation defects due to previ- 
ously unrecognised collateral arteries. 

Angiographic demonstration of the central pulmo- 
nary arteries and of collateral arteries may not be fully 
satisfactory. * Other techniques include computed 
axial tomography!? and radionuclide perfusion and 
dynamic flow scintigraphy. The latter appears to be a 
less traumatic alternative with greater sensitivity for 
abnormal lung blood flow. Pulmonary particle perfu- 
sion scans undoubtedly provide precise and reliable 
information regarding pulmonary blood flow abnor- 
malities. The technetium-99m labelled particulate 
material injected is filtered out at the first downstream 
capillary bed encountered. Areas of decreased pulmo- 
nary arterial perfusion appear as areas of decreased 
radioactivity. Adequate evaluation of scintigraphic 
data requires correlation with a recent chest radio- 
graph. For example, one of our patients (case 5) 
showed a large perfusion defect over the right lung, 
which was explained by a pleural effusion (Fig. 2). 
Right to left shunts can be detected because particles 
bypass the lung capillary system and radioactivity 
appears in the systemic circulation in brain and kid- 
neys. 

The dynamic flow study assesses both pulmonary 
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blood flow and systemic arterial flow to the lungs. 
Early entry of radioactive material to the aorta as a 
result of right to left shunting may complicate separa- 
tion of the two phases. In the absence of significant 
right to left shunting areas of lung perfused by collat- 
eral arteries are visualised only during the systemic 
arterial phase. 

We have identified various combinations of pat- 
terns on lung particle perfusion scintigraphy and flow 
study. Firstly, areas of underperfusion seen on the 
particle perfusion study and pulmonary phase of the 
flow study, and perfused only during the systemic 
phase of the flow study (Fig. 1), strongly suggest the 
presence of lung perfusion by residual collateral 
arteries. This suspicion was confirmed in one of our 
patients at postoperative cardiac catheterisation. One 
other patient with a similar combination of data was 
known to have a collateral artery which had not been 
dealt with at surgery. 

Secondly, areas of underperfusion seen on both the 
particle perfusion lung scan and the pulmonary phase 
of the flow study, and in which no matching perfusion 
is seen during the systemic phase of the flow study, 
indicate lung segments without appreciable blood 
supply of either pulmonary or systemic origin. These 
may be due either to ligation or occlusion of collateral 
arteries representing the sole supply of lung segments 
or to areas of lung tissue abnormality. Impaired 
growth of the alveoli with a reduction in their number 
may be caused by prolonged hypoxia and diminished 
blood flow.!5 The small residual postoperative perfu- 
sion defect in the patient in case 5 (Fig. 2) may be of 
this type. 

Thirdly, homogeneous pulmonary perfusion on 
particle perfusion scans associated with a normal sys- 
temic phase on the flow study was seen only in 
patients without residual functioning collateral 
arteries, even in the presence of asymmetrical flow 
due to pronounced difference in growth between the 
two pulmonary arteries. Digitisation of the particle 
perfusion scan enables relative flow to individual seg- 
ments in the same lung or to each lung field to be 
assessed quantitatively,!? as in the patient in case 6, in 
whom the pronounced asymmetry in blood flow to the 
lungs was due to the difference in growth between the 
two native pulmonary arteries. After a Waterston 
shunt, patterns showing either increased,? as 1n the 
patient in case 6 (Fig. 3), or decreased!? lung particle 
perfusion in the lung that had received the shunt have 
been previously described. 

Fourthly, an additional possibility, not seen in our 
patients, should be considered. Unrecognised or 
untreated collateral arteries, connected to the native 
pulmonary arteries, can be suspected if areas of lungs 
already perfused during the perfusion study appear 
again during the systemic phase of the flow study. 
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The management of the patient with pulmonary 
atresia, ventricular septal defect, and hypoplastic 
pulmonary arteries remains a problem, in particular 
when collateral arteries with or without arborisation 
defects are present. Uniform growth of the pulmonary 
artery system, and unifocalisation of blood supply 
when collateral arteries are present, are desirable as a 
prelude to corrective surgery, but abnormal lung per- 
fusion may persist even after total repair. 

Repeated evaluations are necessary, and angiogra- 

phy is currently usually performed to assess the 
results of the staged surgical procedures, often after 
each operation. Contrast angiography can precisely 
define the size and growth of pulmonary arteries and 
is essential both in the initial preoperative evaluation 
and immediately before and after final repair. To 
repeat this investigation after every staged palliative 
procedure before final repair would, however, not be 
entirely necessary when a precise anatomical assess- 
ment of pulmonary blood vessels is not needed, if a 
simpler relatively non-invasive technique was readily 
available to assess the physiological effects of each 
staged procedure. Our limited comparison of the 
results of postoperative cardiac catheterisation with 
combined radionuclide blood flow studies suggests 
that these radionuclide techniques have some poten- 
tial to identify areas of lung perfused by functioning 
collateral arteries and residual right to left shunts and 
therefore may be of value as a non-invasive follow up 
investigation in this clinical situation. 
- These scintigraphic studies may also be potentially 
useful in the preoperative period to direct selective 
angiography or to clarify further lung perfusion pat- 
terns, reducing the need for prolonged exposure to 
radiation from multiple contrast angiograms. A 
specific factor which may particularly limit the diag- 
nostic value of this non-invasive technique before sur- 
gical intervention is the presence of major shunting 
from right to left (as in the initial study in the patient 
in case 5) or, to a lesser extent, from left to right. The 
pulmonary and systemic phases are not discrete under 
these circumstances, and inaccuracies in the quantita- 
tive prediction of the contribution of regional blood 
flow of the various sources would be inevitable. 
Because of these considerations, radionuclide 
methods may be of most value in the preoperative 
assessment of these patients when selective injection 
of radiolabelled particles is performed at the time of 
the definitive cardiac catheterisation.? 

It is likely that a specific limitation of radionuclide 
techniques could be, for example, the difficulty in 
identifying perfusion by collateral arteries to the left 
lower lobe because of overlap with the left ventricle. 
Nevertheless, our data indicate that radionuclide 
techniques merit further evaluation to assess their 
possible role in the overall management of these 
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patients, especially when collateral arteries are 
present. 
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Spontaneous recanalisation of side branches occluded 
during percutaneous transluminal coronary angioplasty 


MF SHIU, A SINGH 
From the University Department of Cardiovascular Medicine, Queen Eizabeth Hospital, Birmingham 


SUMMARY Percutaneous transluminal coronary angioplasty was performed in a 56 year old man with 
postinfarction angina. During an otherwise uncomplicated dilatation of a left anterior descending 
artery with a 70% stenosis two diagonal branches, each measuring 1-5 mm in diameter, were 
occluded. The occlusions were not associated with any adverse clinical effects, though there was a 
small rise in plasma creatine kinase concentration. The patient became free of angina two weeks 
after angioplasty, and follow up angiography showed spontaneous reappearance of the occluded side 
branches. Redistribution of atheromatous material and its later reabsorption may have been the 


mechanism for the initial occlusion and later reappearance of the vessels. 


Side branch occlusion is a recognised complication of 
percutaneous transluminal coronary angioplasty. Side 
branches originating directly in the stenotic segment 
have been shown to be particularly at risk, and it is 
often a contraindication to coronary angioplasty.! In 
the absence of a systematic follow up study of these 
occluded side branches, the assumption is that these 
vessels would remain permanently blocked. We 
report the spontaneous recanalisation of two diagonal 
branches occluded during an otherwise uncompli- 
cated percutaneous transluminal coronary angioplasty 
of a left anterior descending artery. 


Case report 


A 56 year old man with severe postinfarction angina 
unresponsive to medical treatment was investigated 
with a view to surgery. There were no detectable risk 
factors apart from previous heavy cigarette consump- 
tion of 60 per day. A resting electrocardiogram 
showed pathological Q waves in inferior leads. Stress 
testing on a bicycle ergometer showed 1 mm ST, 
depression in leads II, III, and V4-V6 associated with 
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chest pain at 100 W. Stress thallium imaging showed a 
fixed inferior apical defect and reversible ischaemia in 
the diagonal and lateral territories. Cardiac catheter- 
isation 18 months after infarction showed impaired 
left ventricular function with inferior hypokinesis and 
an ejection fraction of 34%. The right coronary artery 
was occluded near its origin with no antegrade or 
cross filling of distal branches. The circumflex system 
was non-dominant with only minor irregularities. The 
proximal left anterior descending branch was ectatic 
in part with a concentric stenosis of approximately 
70% over a segment involving the origins of a septal 
branch and two diagonal branches, each measuring 
approximately 1-5 mm in diameter (Fig. 1a). 
Percutaneous transluminal coronary angioplasty 
was performed using the femoral approach and a 3-7 
mm balloon with an 0-016 inch flexible tipped wire 
Schneider-Medintag. The stenosis in the left anterior 
descending artery was crossed without difficulty. The 
transstenotic pressure gradient was 46 mm Hg falling 
to 6 mm Hg after three inflations at 8 atmospheres, 
each lasting 40 s. The procedure was not accompanied 
by chest pain, arrhythmia, or hypotension. Immedi- 
ate repeat arteriography showed an improvement of 
the lesion with a 25% residual stenosis. There was 
non-opacification of the two diagonal branches (Fig. 
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1b). The patient was given 10 000 units of heparin 
intravenously at the start of the procedure but no 
other anticoagulant. Aspirin was given on the day 
before the procedure and continued to be taken at 300 
mg daily. Intracoronary nitrate 200 ug was given 
before balloon passage and after each inflation up to a 
total dose of 1 mg. 

The hospital stay was uneventful. A repeat elec- 
trocardiogram showed no changes over the next 48 
hours. Plasma creatine kinase concentration rose from 
a preoperative value of 180 IU/I to a maximum of 302 
ПОЛ 24 hours after the procedure with traces of car- 
diac isoenzymes. After discharge from hospital the 
patient reported mild anginal chest pain for two weeks 
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Figure Left coronary arteriograms in the left anterior oblique 
(cranial) view showing two diagonal vessels , each measuring 1:5 
mon, involved in the left anterior descending artery stenosis (a) 
before angioplasty , (b) immediately after angioplasty, when both 
diagonal branches were occluded at the origin, ard (c) six months 
later , when both diagonal branches had fully recanalised . 


after operation. From the third week his symptoms 
disappeared despite increasing activity and with- 
drawal of all antianginal medications other than 
nifedipine 10 mg three times daily. Repeat exercise 
testing at three and six months showed an increased 
maximum capacity of 120 W with no subjective chest 
pain and no diagnostic ST-T changes in the anterior 
chest leads. Repeat thallium stress testing showed no 
reversible perfusion defects in the areas subtended by 
the anterior descending and diagonal vessels. A re- 
perfusion image at four hours showed a fixed defect in 
the inferior region as before. Follow up coronary 
arteriography performed as a routine at six months 
showed no progression of the left anterior descending 
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stenosis. The two previously occluded diagonal 
branches were patent and appeared unchanged since 
before coronary angioplasty (Fig. 1с). 


Discussion 


The loss of a side-branch as a result of coronary angio- 
plasty i is an important consideration in the selection 
criteria of patients for this procedure.? Most operators 
would avoid lesions involving side branches >2 mm 
in diameter since the occlusion of such vessels is likely 
to result in a clinical myocardial infarction. Meier et al 
have shown that side branches are rarely occluded 
unless they arise directly:from the stenotic segment of 
the main vessel, when their origins are often dis- 
eased.! In such instances the occlusion rate was about 
1496. The diagonal branches in our patient belonged 
to this category and were.occluded as a result of an 
otherwise uncomplicated angioplasty of the main ves- 
sel. 

The reappearance of the occluded side branches is 
the main interest in this report. Such spontaneous 
reappearances have not been previously documented 
but may have escaped notice if not specifically looked 
for at the time of follow up angiography. Spontaneous 
reappearance of vessels occluded in the course of the 
natural history of coronary artery disease is rare.? The 
mechanism of vessel occlusion during angioplasty is 
probably different from the natural disease.*5 Meier 
et al observed angiographic evidence of coronary dis- 
section in a high proportion of their patients with 
branch occlusion and concluded that involvement of 
side branches by the dissection was the prime 
mechanism.! Other possibilities include coronary 
spasm, thrombosis, and redistribution of atheromat- 
ous plaque material.5 In our patient, careful review of 
the angiograms showed none of the usual features of 
coronary dissection such as an intimal cleft or vessel 
wall staining. Although dissection 'could not be 
excluded, it was probably unlikely. Similarly, coro- 
nary spasm cannot be ruled out, but the abrupt loss of 
both vessels at the point of their orgins was more 
suggestive of an organic obstructive lesion. Such ob- 
structions may be due to thrombus or atheromatous 
material. The last can be explained by the redistribu- 
tion of atheromatous material from the adjacent left 
anterior descending vessel wall. The fact that the 
origins of the side branches were directly involved in 
the stenotic lesion meant that total occlusion can 
result from even a small amount of sequestrated 
debris. Despite the transient occlusion of two side 
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branches our patient had a good clinical response to 
the angioplasty procedure. It is not possible to be 
dogmatic about whether the branch occlusion resulted 
in myocardial necrosis, but on balance it seemed 
unlikely. 

- The modest rise in cardiac enzymes with only traces 
of cardiac isoenzyme is often seen in otherwise 
uncomplicated cases. Our patient experienced no 
chest pain during his hospital stay, and there were no 
other clinical features of myocardial infarction. Our 
hypothesis is that occlusion was temporary and that 
early spontaneous recanalisation occurred leading to 
the improvement of anginal symptoms in the three 
weeks after the angioplasty procedure. 

The most likely explanation for spontaneous 
recanalisation of the branches is reabsorption of 
atheromatous debris. Such clearing up of intraluminal 
debris has been suggested as one of the mechanisms 
by which coronary lesions continue to improve weeks 
after coronary angioplasty.* It is not known what, if 
any, pharmacological agents would enhance this pro- 
cess. Oral anticoagulation has been shown to have no 
effect on the results of coronary angioplasty, and it 


‚ was not used in this case.5 Our patient had the stan- 


dard regimen of systemic heparinisation during opera- 
Чоп, and treatment with aspirin 300 mg daily was 
started on the day of the procedure and continued 
afterwards. Further observations on spontaneous 
recanalisation of occluded side branches may help in 
our understanding of the healing process after vessel 
injury at coronary angioplasty. 
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Fluid removal by haemofiltration in diuretic resistant 


cardiac failure 


STEPHEN H MORGAN, MARTIN A MANSELL, F DEREK THOMPSON 


From St Pauls Hospital and Institute of Urology, London 


SUMMARY А 60 year old woman with diuretic resistant cardiac failure was treated with intermittent 
haemofiltration before tricuspid valve replacement. This technique can remove large quantities.of 
fluid rapidly, thus controlling oédema and allow appropriate fluid replacement. Haemofiltration is 
thus a simple and safe method of managing unresponsive oedema in cardiac failure sometimes 


allowing corrective cardiac surgery. 


Some patients with severe cardiac disease continue to 
suffer -from disabling pulmonary and peripheral 
oedema despite treatment with large doses of diuretic, 
inotropic, and vasodilative agents. Although the 


prognosis for such patients is often-poor, life may be ` 


prolonged if the oedema can be relieved, allowing the 
patient to undergo definitive surgery. We report the 
use of intermittent haemofiltration for fluid removal 
in a patient with intractable cardiac failure. 


Case report 


A 60 year old housewife had diuretic resistant cardiac 
failure secondary to rheumatic heart disease. She had 
made an apparently complete recovery from an attack 
of rheumatic fever at the age of 13 years and was 
asymptomatic until left ventricular failure developed 
during pregnancy 10 years later. The cardiac failure 
responded to conventional treatment and the preg- 
nancy continued successfully to term, after mitral 
valve disease had been diagnosed. Apart from: mini- 
mal exertional dyspnoea she remained well for the 
next 15 years and required no treatment. Diuretics 
were prescribed after congestive cardiac failure had 
developed and cardiac catheterisation showed mixed 
mitral and aortic valve disease. By 1980 these symp- 
toms had progressed and she underwent mitral valve 
replacement, aortic valvotomy, and tricuspid annulo- 
plasty, which’ produced а pronounced initial 
improvement in her symptoms. Subsequently, how- 
ever, she developed increasingly severe tricuspid reg- 
urgitation with dyspnoea at rest, hypotension (blood 
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pressure 90/50 mm Hg), and gross ascites, despite - 
treatment with large doses of frusemide, amiloride, 
and metolazone. Several episodes of malaena occur- 
red, which were thought to be due to mesenteric ven- 
ous congestion, and her haemoglobin. fell to 7 g/dl. 
Renal function was impaired with a plasma creatine 
concentration of 450 mol/l, a blood urea concentra- 
tion of 20 mmol/l, and a creatinine clearance of 20 
ml/min. Since she was too ill to undergo invasive car- 
diac investigations or cardiac surgery a decision was ` 
taken to correct her fluid overload by intermittent 
haemofiltration. 


INTERMITTENT HAEMOFILTRATION 
The right subclavian vein was cannulated by the Sel- : 
dinger technique and a high. flow dialysis catheter 
(Vas-cath, Gambro) was inserted-and tunnelled 
beneath the skin. Blood was pumped at approxi- 
mately 100 ml/min with a Sarns blood pump and 
extracorporeal blood lines through a 0-2m? haemolfilter 
(Amicon 20) and returned to a peripheral vein. Clot- 
ting of the haemofiltration circuit was prevented by a 
bolus dose of heparin (2000 IU) given at the start of 
the procedure. 

Haemofiltration was performed for four hours, 


‘removing 1200 ml/h, during which time pulse and 


blood pressure showed no significant change and 
arterial oxygen content increased from 8-0 kPa to 10-0 
kPa. The procedure was repeated on two successive 
days with a net weight loss of 7 kg, and the patient 
was transfused up to a haemoglobin of 12 g/dl. Her 
clinical condition improved considerably and was_ 
accompanied by a pronounced reduction in cardiac 
size on chest radiograph. Cardiac catheterisation was 
therefore undertaken and confirmied the diagnosis ' 
of tricuspid regurgitation. A routine tricuspid valve 
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replacement was performed, which was complicated | 


by postoperative oliguria requiring supportive 
haemodialysis for two weeks. The oliguria resolved 
steadily, and at the time of discharge she was free of 
oedema and taking no diuretics; her creatinine clear- 
ance was 60 ml/min. 


Discussion 


Diuretic resistant oedema may be a serious problem in 
patients with cardiac failure. Peritoneal dialysis to 
remove fluid in these patients has been used for many 
years.! The efficiency of fluid removal is, however, 
poor, and in a patient, with already compromised ven- 
tilatory function the splinung effect on the diaphragm 
may be detrimental. Haemodialysis is more efficient 
but is likely to be associated with life threatening 
arrhythmias and hypotension. In 1947, Alwall 
described the principle of ultrafiltration,? and its 


application to oedematous states was further explored А 


by Silverstein et аї.3 

Isolated ultrafiltration relies on the circulation of 
blood through a conventional haemodialyser contain- 
ing a Cuprophan membrane, with water and solutes 
being driven across it by hydrostatic | pressure as in the 
human glomerulus. There is no contact with the 
dialysate. Although ultrafiltration is accompanied by 
less circulatory disturbance, complement activation 
still occurs. This results in leucocyte and platelet 
aggregation, which may cause pulmonary microem- 
bolisation and severe hypoxaemia. 

With the development of complex biocompatible 
membranes made of polycarbonate, the technique of 
haemofiltration became possible. Unlike the Cup- 
rophan membrane used in ultrafiltration, these newer 
membranes have an extremely high permeability to 
water and solutes and produce minimal leucocyte and 
platelet clumping.* The potential advantages of 
haemofiltration and ultrafiltration in the management 
of acutely ill oliguric patients were quickly realised’ 
and also applied to the correction of hypertension and 
fluid overload in chronic renal failure.$ 
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The extracorporeal circuit for haemofiltration 1s 
quick and easy to establish. If one of the lines is 


. placed in an artery a blood pump is unnecessary, thus 


reducing the potential risks of haemorrhage and air 
embolism. Our experience with this technique now 
extends to over 30 patients, in whom no serious com- 
plications of the procedure have occurred. These 
patients had developed acute fluid overload either 
because of acute renal failure or because of underlying 
cardiovascular disease. Intermittent haemofiltration 
was used to control pulmonary oedema, improve 
oxygenation, and make intravascular space for the 
admuinistranon of intravenous antibiotics, inotropic 


. agents, blood products, or parental nutrition. We 


have also successfully used haemofiltration during 
orthotopic cardiac transplantation to remove pulmo- 


- nary and peripheral oedema, as described previously 


during cardiopulmonary bypass.’ 
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Permanent pacemaker failure due to surgical 


emphysema 


STEPHEN A SMITH, PETER L WEISSBERG, LIP-BUN TAN 
From the University Department of Cardiovascular Medicine, East Birmingham Hospital, Birmingham 


SUMMARY А 76 year old man developed a left pneumothorax after implantation of a permanent 
endocardial pacemaker via the left subclavian vein. The resulting а emphysema caused tem-. 


porary failure of the pacing system. 


Permanent pacing systems that use a unipolar elec- 
trode require close contact between the pulse 
generator and surrounding tissues: to complete the 
pacing circuit. Occasionally, electrode insertion via 
the'subclavian vein is complicated by puncture of the 
lung apex causing a pneumothorax. We report a 
patient who developed a pneumothorax immediately 
after insertion of a permanent pacemaker. 


Case report 
А 76 year old man presented in August 1984 with a 


three week history of dizziness and dyspnoea on exer- 
tion. Physical examination showed mild congestive 


cardiac failure with a heart rate of 30 beats/min, and ` 


the electrocardiogram confirmed the presence of 
complete heart block. There was no previous history 
of cardiac or pulmonary disease. Temporary pacing 
with a bipolar electrode, positioned in the apex of the 
right ventricle via the right subclavian vein, теше 
in rapid clinical improvement. 

Two days later a permanent pacing system was 
implanted under local anaesthesia. A Siemens unipo- 
lar tined electrode was introduced into the right ven- 
tricular apex via the left subclavian vein. Some 
difficulty was experienced: with the venous cannula- 
tion, and the left lung apex was punctured during the 
procedure. A satisfactory electrode position was, 
however, achieved, and the unit immediately func- 
tioned well with a pacing threshold of 0-3 V and an 
impedance of 528 Ohm. The pulse generator, a 
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Biotronik Leptos MO1/2B, was positioned in a left 
pectoral subcutaneous pocket. The temporary elec- 
trode was left in situ. 

Shortly after returning to the ward he became 
dyspnoeic with clinical signs of a left pneumothorax, 
which. was confirmed by x ray examination. An inter- 
costal drain was inserted in the mid-axillary line and 
the lung expanded‘ promptly. Three days later the 
permanent pacemaker suddenly failed with loss of the 
pacing artefacts on the electrocardiogram. A moderate 
amount of surgical emphysema had developed i in the 
left anterior chest wall (Fig. 1), and crepitations were 
palpable around the pulse generator. ` Application of 
light pressure over the geherator resulted in the 
immediate return of ventricular pacing, which ceased 
when the pressure was released (Fig. 2). Heart rate 
was maintained with the temporary pacemaker for a 
further four days, by which time the surgical 
emphysema had resolved and the permanent system 
resumed normal function. The intercostal drain and 
the temporary electrode were removed, and recovery 
was thereafter uneventful. 


Discussion 


Permanent pacemakers that use unipolar electrodes 
require good contact-between the pulse generator and. 
the pocket to complete the pacing ; circuit. Pacemaker 
failure in this case was caused by air collecting around 
the pulse generator, isolating its earthplate from the 
surrounding tissues. When pressure was applied over 
the generator this air was displaced, the circuit -was 
completed, and pacing reinstituted. We are not aware: 
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Fig. 1 x-ray film showing the position of the chest drain and 
pulse generator and the surrounding surgical emphysema. 


of any previous reports of permanent pacemaker fail- 
ure attributed to this cause. 

Even in the most experienced hands pneumothorax 
occurs in up to 5% of patients after subclavian cannu- 
lation,' 2 and so it is likely that this type of problem 
will occur again. We would recommend therefore that 


??1 


a temporary electrode be left in situ after permanent 
pacemaker insertion if the subclavian cannulation 
proves difficult and pulmonary damage is suspected 

Pacemaker failure in the early postoperative period 
is usually caused by electrode displacement, which 
requires further surgical intervention. If, however 
permanent pacemaker failure with loss of pacing 
artefacts occurs in the presence of surgical 
emphysema then a conservative approach to manage 
ment is indicated. Pacemaker function is likely to 
return as the emphysema resolves. In our patient ап 
was able to enter the pulse generator pocket by track 
ing along the tissue plane from which the pocket had 
been formed. The risk of developing this complica 
tion may not be so great when healing has occurred 
and the generator is encapsulated in fibrous tissue bui 
it cannot be entirely discounted. All permanent 
pacemaker dependent patients who develop surgical 
emphysema near the pulse generator at any time, and 
from any cause, should, therefore, be closely moni 
tored for this type of pacemaker failure 
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Fig.2 Electrocardiogram showing the effect of pressure on the pulse generator. Before and after pressure is applied the rate i 
maintained at 50 beats/min by the temporary pacemaker with no visible pacing artefact from the permanent system While pressure ts 
applied the permanent box works normally at a rate of 70 beats/min. 
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Chronic nicotine ingestion and atrial fibrillation 


P M STEWART,* JRCATTERALLT 


From the *Department for Metabolic and Endocrine Diseases , Western General Hospital , Edinburgh; and the {Chest 


Unit, City Hospital, Edinburgh 


SUMMARY Paroxysmal atrial fibrillation occurred in a fit 35 year old man who consumed large doses 
of nicotine chewing gurn (Nicorette Leo) over a prolonged period. 


Nicotine chewing gum was developed as an aid to 
smoking withdrawal and is usually effective in a dose 
of eight 2 mg pieces daily.! Reports of the cardiovas- 
cular effects of nicotine gum have been limited to an 
increase in heart rate,? although nicotine has been 
shown to cause arrhythmias in animals.? We report a 
patient who developed atrial fibrillation while con- 
suming three to four times the usual amount of 
nicotine chewing gum. 


Case report 


A 35 year old man was admitted to hospital as an 

“emergency, having been woken with prolonged 
periods of irregular palpitation. He denied chest pain 
or breathlessness but gave a one month history of 
similar periods of palpitation of shorter duration. For 
18 months he had been trying to stop smoking (previ- 
ously 40 cigarettes per day) and had been prescribed 
nicotine chewing gum (Nicorette Leo). Initially, he 
consumed 20 pieces of the 2 mg gum daily, but two 
months before admission he had stopped smoking 
completely and increased his consumption to 30, 2 mg 
pieces, chewing each gum for at least 20 minutes. He 
chewed the gum almost continually. He drank one 
bottle of wine a day but did not drink spirits. There 
was no past history of rheumatic fever or scarlet fever 
and no family history of ischaemic heart’ disease or 
hyperlipidaemia. 

On admission he was in atrial fibrillation with an 
apical rate of 150 beats/min but was normotensive and 
had no signs of cardiac failure. He had no cardiac 
murmurs or pericardial friction rub, was clinically 
euthyroid, and remained apyrexial throughout admis- 
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sion. He was given digoxin and 24 hours later had 
reverted to sinus rhythm. Digoxin was stopped 24 
hours later. On three consecutive days the electrocar- 
diogram and serum aspartate aminotransferase and 
lactate dehydrogenase activities were normal. Serum 
thyroxine and tri-iodothyronine concentrations, and 
thyrotropin releasing hormone stimulation test.were 


-normal, as were chest x-ray films, echocardiograms, 


full blood .count, erythroctye sedimentation rate, 
plasma electrolyte concentrations, serial viral titres, 
and fasting concentrations of glucose, cholesterol, and 
triglycerides. The patient also had a normal exercise 
test (Bruce protocol) with no evidence of myocardial 
ischaemia. Plasma у glutamyl transferase activity was 
moderately increased at 90 u/l (normal 10-55 0/1), but 
bilirubin concentrations and serum alanine amino- 
transferase and alkaline phosphatase activities were 
normal. Blood nicotine concentration five hours after 
waking with palpitation (14 hours after the last 
Nicorette gum) was 4-8 ng/ml. 

He was reviewed at one, two, six, and 12 months, 
during which time he abstained from cigarette smok- 
ing and Nicorette consumption but continued to 
drink one bottle of wine a day. At one month a 24 
hour ambulatory electrocardiogram was normal and at 
six months blood nicotine was undetectable, the 
plasma y glutamyl transferase activity remaining 
unchanged at 100 wl. To date he has had no further 
episodes of palpitation. 


Discussion 


The temporal relation between Nicorette (Leo) con- 
sumption and palpitation in our patient suggests a 
causal link between the two. He may have been pre- 
disposed to arrhythmias by drinking a bottle of wine a 
day, but his consumption of alcohol and the plasma у 
glutamyl transferase activity did not change over a 12 
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month follow up period when he was free of palpita- 
tion. 

After chewing nicotine gum the peak blood con- 
centration of nicotine is no higher than after smoking 
cigarettes.! Even in habitual smokers, however, blood 
nicotine is undetectable eight hours after stopping 
smoking.* In contrast, we detected nicotine in our 
patient 14 hours after chewing his last piece of 
nicotine gum. Thus a day to day accumulation of 
nicotine appears to be a potential risk when nicotine 
gum is chewed in large quantities. The effects of long 
term nicotine poisoning in man are unknown,? but it 
is possible that atrial fibrillation in our patient was a 
manifestation of chronic nicotine intoxication. 


We thank Dr R F Robertson, Royal Infirmary, Edin- 
burgh, for allowing us to report his patient and Dr 
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Colin Feyerabend, for performing nicotine assavs. 
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Changing echocardiographic features of a hydatid cyst 


of the heart : 


WILLY KOSTUCKI,* MARC van KUYK,* ANTOINE CORNILH 
From the *Department of Cardiology and the tIntensive Care Department, University Hospital Saint-Pierre, 


Université Libre de Bruxelles, Brussels 


SUMMARY À 24 year old woman with pulmonary embolism and a past history of echinococcal disease 
underwent echocardiography which detected two cysts in the right ventricle which became more 
solid after treatment with mebendazole. The surgical and pathological findings confirmed the pres- 
ence of the two cysts and the hydatid nature of the lesion. 


Echinococcus disease is common in many parts of the 
world and affects the heart in 0-5—296 of cases.! Major 
complications result almost always from rupture of 
the cysts either in the pericardium or in the~heart 
chambers. Death may occur from anaphylactic shock, 
cardiac tamponade, acute pulmonary embolism, sub- 
acute or chronic pulmonary hypertension,? systemic 
embolisation especially in the central nervous system, 
or secondary generalised hydatidosis. To allow pre- 
ventive surgical treatment to be undertaken the diag- 
nosis must be made before such complications occur. 
Although tbere are few reports of the detection of 
hydatid cyst of the heart by echocardiography;?^5 the 
present case illustrates the value of this procedure in 
diagnosing hydatid cyst of the heart and describes the 
changing echocardiographic features of the disease. 


Case report 


A 24 year old Moroccan woman was admitted at 36 
weeks' of pregnancy because of pulmonary embolism. 
She had emigrated from Morocco four years before 
admission. Three years previously she had been 
admitted to the same hospital, where the diagnosis of 
pulmonary hydatid disease had been made. She 
refused surgical treatment and received a course of 
treatment with mebendazole. Her pregnancy was 
normal until the thirty sixth week when she was 
admitted because of the sudden onset of haemo- 


Requests for reprints to Dr Willy Kostucki, Department of Cardio- 
logy, Hépital Universitaire Saint-Pierre, Rue Haute 322, B — 1000 
Brussels, Belgium. 
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ptysis, cough, dyspnoea, and sharp right chest pain 
aggravated by deep breathing. 

On admission physical examination showed 
tachypnoea, tachycardia, and peripheral cyanosis. 
Clinical examination of the heart was normal, as was 
the electrocardiogram. Chest radiographs showed 
multiple round pulmonary shadows in the left lower 
and right upper lobes. Pulmonary embolism was 
confirmed Бу ventilation-perfusion radionuclide 
images but femorocaval phlebography failed to detect 
thrombosis. 

To investigate a possible cardiac cause for pulmo- 
nary embolism, echocardiography was performed 
using a mechanical sector scanner (ATL) with a 3 
MHz transducer. Cross sectional echocardiography 
detected two echo free areas (1:0 cm X 1-5 cm and 0-5 
cm X 1-0 cm) indicating the presence of cysts in the 
inferior wall of the right ventricle. The best images 
were obtained in the apical four chamber and sub- 
costal view (Figure a). 

А six week trial course of-mebendazole 4 g daily was 
Biven and at the end of the medical treatment, a 
further echocardiogram was recorded (Figure b). 
Although the two echocardiographic views are not 
strictly identical (partly because of right ventricular 
enlargement secondary to pulmonary hypertension 
which developed meanwhile) the different appear- 
ances indicate a change in the nature of the hydatid 
cyst. Since hydatid material was probably still pres- 
ent, surgical treatment was undertaken. Two cysts 
with evidence of partial rupture were excised, and 
pathological examination confirmed the presence of 
hydatid material. 
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Changing echocardiographic features of a hydatid cyst of the heart 





Figure Cross sectional echocardiograms obtained from a 
slightly modified apical four chamber view showing (a) the 
bilobulated cyst (*) located in the right ventricle (RV) and (b) the 
cyst (C) filled with echodense material six weeks later. The right 
ventricle is dilated. LV, left ventricle. 


Discussion 


This unusual case of pulmonary embolism secondary 
to a hydatid cyst of the right ventricle illustrates the 
fact that hydatid cyst of the heart is rarely diagnosed 
clinically, even in a patient with echinococcal disease, 


because of the lack of specific clinical and radiol 

features. If this condition is, however, suspe 
echocardiography is the method of choice in its 

nosis. This report demonstrated the abilit 
echocardiography to detect two cysts in the righ 

tricle. The cross sectional echocardiographic diff 
tial diagnosis of a cystic lesion includes hydatid « 

the heart and the very rare cystic terat 

Nevertheless, hydatid cyst of the heart ma 

resemble a tumour like lesion echocardiographic 
The echocardiographic evidence of a cystic h 

lesion changing into a filled cyst has been repi 
only in association with hydatid cysts of the lung 
liver, which are probably due to the detachment 

germinative membrane suggesting an involuti 
the parasite after chemotherapy 


Although this case seems to indicate the effe 
ness of high doses of mebendazole in the treatm 
hydatid cyst of the heart, we do not believe that 
treatment would have prevented further rupt 
the cyst and embolisation of the hydaud ma 
which, even if aseptic, would in this case 
increased the pulmonary hypertension. St 


remains the treatment of choice. 
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Pathways of preferential arterial conduction 


Sir, 

In his reply to our earlier letter (1985; 53: 350) it 
seems to us that Dr T N James has misconstrued the 
point we wish to make. In our letter it is clear that 
when we speak of the division of the ventricular bun- 
dle branches we discuss the division of al] the bundle 
branches. The relevant sentence is “if the tissue 
within the insulated sheaths is divided”. Here we use 
the plural “sheaths” and clearly refer to the entirety of 
the bundle branches. Dr James’s comments concern- 
ing the division of an individual bundle branch are 
entirely appropriate. To the best of our knowledge, 
however, if all the bundle branches are divided (in the 
absence of any pathways for pre-excitation) then con- 
duction into the ventricle does indeed cease. In other 
words, division of an anatomically discrete system will 


prevent the conduction. We restate our contention | 
that this is not the case with the atrial myocardium; 
this is the point that we asked Dr James to answer. 


Robert Н Anderson* 
Anton E Becker,t 
*Cardiothoracic Institute, 
Brompton Hospital, : 
Fulham Road, 

London SW3 6HP. 


TDepartment of Pathology, 
Academisch Medisch Centrum, 
Meibergdreef 9, 

1105 AZ Amsterdam, 

The Netherlands. 





; "Notices 


35 years of electrocardiology in Amsterdam : 


An international symposium honouring the late Pro- 

' fessor Dirk Durrer and sponsored by the Interuniver- 
sity Cardiology Institute in The Netherlands will be 
held in Amsterdam on 29 and 30 May 1986. Further 
information may be obtained from: Stitchting 
"DURRER-Comité", Secretariaat: Mevr. В. 
Hoogenhout, Assumburg 50, 1081 GC Amsterdam, 
The Netherlands. 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 Novcmber 
1985, and the closing date for receipt of abstracts will 
be 1 August 1985. . 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be-2 January 1986. 
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Digitalis: where are we now? 


D A CHAMBERLAIN 
From the Royal Sussex County Hospital, Brighton 


... Time will fix the real value on this discovery, 
and determine whether I have imposed upon myself 
and others, or contributed to the benefit of science 
and mankind. 

William Withering! 


Digitalis can still arouse controversy and even 
passion, but none can deny that it has passed the test 
of time perceived by Withering as a prime marker of 
value, Few opportunities will ever arise to celebrate 
the bicentenary of a drug, for what others will last the 
course? But digitalis has not done so with an 
untarnished reputation—problems have been appar- 
ent from the outset. Withering himself was con- 
cerned that digitalis might “be regarded as danger- 
ous and unmanageable” if his advice on usage went 
unheeded. 

This early warning on the hazards of digitalis tox- 
icity received less attention than it merited, though 
the picture became clear only with hindsight. Even 
now we cannot know how the balance would look if 

-the accrued benefit of 200 years could be weighed 
against the unintended harm. Major advances in the 
pharmacodynamics and pharmacokinetics of the 
drug in the past two decades now mean that science 
can replace empiricism. Now (with new knowledge 
combined with old but valid precepts) we should be 
able to use digitalis more judiciously, more safely, to 
better effect, but perhaps less widely than in the past. 
Withering would be content with that. 


The actions of digitalis 


Digitalis is a drug with an unlikely profile. It stimu- 
lates the myocardium while depressing sinoatrial and 
particularly atrioventricular nodal function; these 
apparently disparate actions match exquisitely the 
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requirements for treating ко with atrial 
fibrillation and heart failure. 

The mechanisms by which these effects are 
achieved are complex, but at cellular level they relate 
principally to inhibition of sodium-potassium ade- 
nosine triphosphatase.? Some adenosine triphos- 
phatase related effects, notably those on con- 
tractility, are mediated directly by changes in ionic 
concentrations across cell membranes. Others, prin- 
cipally the electrical ones, follow more from modu- 
lation of the autonomic system. Increased vagal 
activity and the sensitivity of the sinoatrial and atrio- 
ventricular nodes to such activity are most 
important—sympathetic influences are reduced at 
therapeutic doses and increased when toxic concen- 
trations are reached.? The nodes have little direct 
response, as can be demonstrated by modest or 
inconsistent changes after transplantation or phar- 
macological blockade. Some of the therapeutic 
effects of digitalis in heart failure depend also upon 
changes in peripheral venomotor tone. 


Commonly used cardiac glycosides 


Digitalis leaf in the tablet form is now of mainly 
historical interest. Digitoxin, ouabain, digoxin, 
medigoxin, and lanatoside C are the preparations 
used in Britain to greater or lesser degree, They have 
widely disparate pharmacokinetics. Not all the 
differences are sufficiently recognised, though they 
have been well described in authoritative reviews, 
Digitoxin із the most important constituent of Dig- 
italis purpurea. In its modern purified form it 
deserves a more prominent role among the cardiac 
glycosides. Digitoxin is rapidly and fully absorbed 
after oral administration. Over 90% of the glycoside 
present in plasma is bound to albumin but only the 
free fraction exchanges readily with tissue sites. The 
ratio of myocardíal to plasma concentration is less 
than 10:1. Metabolism 18 important, since at least 
50% of administered digitoxin undergoes trans- 
formation in the liver; some of the resulting com- 
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pounds retain cardioactivity. Digitoxin and most of 
its metabolites are excreted in the bile, but the parent 
compound is absorbed again in the enterohepatic 
cycle. This and the avid protein binding that permits 
only limited renal excretion account for the relatively 
long plasma half life—nearly five days even with 
normal hepatic function. Loss in the faeces and uri- 
nary excretion both of digitoxin and its metabolites 
ultimately account for elimination. 

Ouabain (strophanthin С) is found in Strophanus 
gratus and is a glycoside related to digitalis. Gastro- 
intestinal absorption is poor and unreliable; admin- 
istration must therefore be intravenous. Hae- 
modynamic effects occur more rapidly than with 
digoxin and peak effects are obtained within two 
hours. Elimination is also faster (plasma half life of 
about 18 hours) and mostly renal, though the drug is 
also lost through the gut. 

Digoxin is obtained from Digitalis lanata. It is 
incompletely absorbed; on average about 70% enters 
the circulation. In the past, tablet brands and even 
batches differed widely in the bioavailability of their 
digoxin content. Changes in manufacture of Lanoxin 
in 1969 and 1972, leading first to a reduction in 
bioavailability and then to an increase,® prompted an 
appraisal of the variation between brands. Such 
differences were of considerable clinical importance? 
and potentially dangerous!) yet had remained 
unknown until that time. À new standard for dis- 
solution rate has led to acceptable uniformity and 
much greater safety. Differences in capacity for 
absorption between individuals are usually slight. 
Though the process is susceptible to interference 
(see below), timing of dosage in relation to meals 
makes only a small difference. About 10%, of digoxin 
in plasma is protein bound. The ratio of myocardial 
to plasma concentration is approximately 100:1. 
Digoxin is not metabolised after absorption. But 
metabolism by micro-organisms may occur within 
the bowel after ingestion.!! Eubacterium lentum, an 
anaerobic saprophyte, can inactivate digoxin by 
reduction of the lactone ring of the molecule and is 
responsible for the apparent resistance to the effects 
of the drug in a minority of individuals. The poten- 
tial for drug toxicity is increased in subjects har- 
bouring this organism since abrupt changes in gut 
flora, such as occur with antibiotic treatment, may 
restore the full potential for glycoside absorption. 
Digoxin is eliminated principally by the kidney. The 
key role of renal function in the rate of elimination of 
digoxin became clear when the pharmacokinetics of 
tritiated digoxin were investigated.!? Toxicity must 
have been very common in patients with impaired 
renal function before this important fact was recog- 
nised. Even now some hazard remains, since many 
patients are given empirical doses of the glycoside 
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when the state of their renal function is quite 
unknown. 

Medigoxtn is beta-methyl digoxin. This prepara- 
tion is absorbed more readily than digoxin and is 
subsequently converted to it. Though better absorp- 
tion implies less variation in bioavailability, the drug 
has not found wide favour in Britain. 

Lanatoside C is obtained from Digitahs lanata. 
Absorption is poorer than that of digoxin; con- 
version to digoxin occurs, mainly in the gut.!? Intol- 
erance to digoxin is therefore not a rationale for using 
this glycoside. Variation in bioavailability must be 
greater than with digoxin, in keeping with the prin- 
ciple that the poorer the absorption of a drug the 
greater the potential for variation. 


Do glycosides improve heart failure? 


No physician will dispute the value of cardiac gly- 
cosides in slowing the ventricular rate of patients 
with atrial fibrillation and preventing many instances 
of supraventricular tachycardia. These arrhythmias 
may promote or exacerbate heart failure and in such 
cases digoxin may have an important controlling 
effect. 

The value of digitalis in heart failure with sinus 
rhythm is more contentious. Most of the evidence 
for an important inotropic effect relates to the acute 
heart failure. Early experimental observations!*!? 
were followed by clinical measurements of increased 
contractility; one of the most convincing was based 
on force velocity curves obtained by means of radio- 
opaque markers sewn on to the myocardium at oper- 
ation.!$ Shifts in these curves with ouabain treat- 
ment indicated a positive inotropic effect but some 
were associated with slight falls in cardiac output. 
'These falls are now known to depend on reflex 
adjustments of venous return and peripheral 
resistance but they have been incorrectly interpreted 
as denying the possibility of clinical benefit. Non- 
invasive measurements of systolic time intervals 
confirm a positive inotropic action both for subjects 
with normal hearts!" and those with heart failure.!? 
"Though favourable changes in cardiac output are not 
found at rest, differences may be observed during 
exercise.!? The paucity of exercise data reflects the 
greater difficulty in making meaningful observations 
in a complex system replete with possibilities for 
autoregulation. Overall, the balance of evidence rests 
heavily in favour of digitalis augmenting con- 
tractility acutely, both in the presence of normal ven- 
tricular function and in heart failure. 

The evidence for a persistence of benefit in 
chronic heart failure should be examined separately 
from that relevant to acute failure. Data from the 
latter are often extrapolated to chronic heart failure, 
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but the notion has rarely been addressed; indeed 
clinical and laboratory experiments to prove or 
refute it are difficult to devise. Some information on 
duration of effect is available, however. An ingenious 
method of assessing an index of contractility was 
described by Davidson and Gibson.?? The acceler- 
ation of the ball inside the Starr-Edwards valve can 
be measured non-invasively; by this technique the 
augmented power of contraction after acute digi- 
talisation diminished rapidly after only a few hours. 
On the other hand Griffiths and colleagues adduced 
evidence from studies with M mode echo- 
cardiography and systolic time intervals that the 
inotropic effects of digoxin had diminished six weeks 
after long term maintenance digoxin had been dis- 
continued compared with observations made during 
treatment.?! Arnold and colleagues drew similar 
conclusions from haemodynamic measurements.?? 
An index of heart failure based on a complex combi- 
nation of clinical and radiographic observations was 
also lowered by digoxin in a placebo controlled 
trial.?? Even if digitalis does exert a continuing pos- 
itive inotropic effect during sustained use, the action 
may not be apparent subjectively. Several studies 
attest to the lack of any observable deleterious effect 


when the drug is discontinued.?^? But subtle ` 


changes of rmportance during exercise or in main- 
taining compensation under critical conditions could 
easily be missed by simple clinical observations. In 
summary, we do not know whether cardiac gly- 
cosides can exert a useful sustained effect in the 
treatment of chronic heart failure. == 


Measurements of plasma concentrations of 
digoxin and digitoxin 


For most of the 200 years that digitalis has been in 
common use its clinical pharmacology was poorly 
understood because plasma and tissue concen- 
trations could not be measured. But once isotopically 
labelled glycoside became available rapid progress 
was made in pharmacokinetic studies, and the crucial 
importance of renal function in digoxin therapy 
became apparent. 

Reliable measurements in patients on mainte- 
nance therapy followed the introduction of radio- 
immunoassay in 1969.76 Most therapeutic concen- 
trations of digoxin are in the range 1-2 ugjl 
(1:28-2:56 pmol/l), but lower concentrations will 
suffice if, for example, atrioventricular nodal func- 
tion is already impaired so that only a small addi- 
tional effect is needed to control heart rate satis- 
factorily. Concentrations of digitoxin tend to be 10 to 
15 times higher because of the greater protein bind- 
ing of the drug. Samples for both assays are best 
taken when plasma concentrations have reached a 
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relatively steady state after drug ingestion, that is 
about six to eight hours after the last dose. After this 
results may be misleadingly low. 

Measurements of plasma concentrations are not 
needed in most patients on maintenance therapy. 
Certainly they do not automatically provide an 
answer for achieving an optimal dose since complex 
relations between the drug, the state of the cardiac 
tissues, and the many metabolic and therapeutic 
interactions at cellular level all combine to create a 
wide range of possible therapeutic concentrations 
within which only a narrow band may be appropriate 
for one individual or for one individual at a given ` 
time. Even the newly available rapid plasma digoxin 
assay should not replace careful chemical monitoring 
for dose selection in the majority of patients.?? But 
measurements may be useful as a guide to the diag- 
nosis of toxicity ànd in investigating apparent fail- 
ures of response (especially when unusually large 
doses of glycoside are administered). Assays are of 
great value in pharmacokinetic research. 

Other limitations of plasma concentrations must 
be recognised. Carelessness in defining the interval 
between dose and sampling can cause misleading 
results. Spurious values have been reported as a 
result of cross reactions from an antibody of 
unsatisfactory specificity in the presence of other 
drugs?? and from cross reactions from unknown 
substances in patients with liver disease,? renal 
impairment,?? and in premature infants?! 


Unwanted effects and toxicity of digitalis 


Efficacy is not the sole consideration when judging 
the value of a drug; beneficial effect must always be 
balanced against toxicity and unwanted effects. The 
load of adverse effects with digitalis is weighty; tox- 
icity is common even during use by skilled and cau- 
tious physicians. The reasons are manifold. First, 
the differences in plasma or tissue concentrations 
associated with optimal beneficial effect or with tox- 
icity are small; they may even overlap.?? Secondly, 
variations in absorption, metabolism, or excretion of 
glycosides cannot readily be assessed; thus the pre- 
cision with which plasma concentrations can be pre- 
dicted is unsatisfactory. Thirdly, individuals show 
appreciable variation in the sensitivity of some tissue 
responses to cardiac glycosides; a plasma level inad- 
equate for one patient may be excessive for another. 
This is true for example, of conductivity within the 
atrioventricular node.?? Finally, abrupt changes in 
response can occur as a result of drug interactions. 

With this catalogue of problems, unwanted effects 
must be frequent. Hurwitz and Wade drew attention” 
‚ to.the problem іп 1969 when they found 20% of 
` patients on maintenance therapy had unwanted 
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effects.?? This could have been ascribed to the care- 
lessness of outpatient prescribing, but in 1971 
Evered and Chapman made similar observations on 
patients in a British hospital?^ as did Beller and col- 
leagues in an American one**; these later studies 
were supported by newly available assays for plasma 
glycoside concentration. Perhaps significantly, a 
study of patients treated exclusively with digitoxin 
showed only a 5% prevalence of toxicity.’ Absorp- 
tion and elimination of this glycoside are relatively 
consistent; since plasma concentrations must be 
more predictable, digitoxin may perhaps be safer 
than digoxin, though it would be difficult to prove 
this assertion. 

'The clinical manifestations of digitalis toxicity are 
believed to depend on two interacting mechanisms. 
'The first is related to the effect of plasma concen- 
trations on the central nervous system, and includes 
not only the familiar side effects of nausea, vomiting, 
and altered vision but also those cardiac effects due 
to increased vagal tone. These tend to be very dis- 
tressing but rarely dangerous. The second mech- 
anism depends on tissue concentration and is related 
to the increased automaticity of subsidiary cardiac 
pacemakers and arrhythmias triggered by micro re- 
entry. These are potentially more serious and even 
life-threatening. 

There is considerable variation in the plasma and 
tissue concentrations at which toxicity occurs 
because of differences between patients in sensitivity 
and vulnerability of the myocardium, the conducting 
system, and other tissues. For digoxin, serious man- 
ifestations of toxicity are unusual with plasma con- 
centrations below 2 ug/l (2:56 umol/I) but are likely 
to be present with concentrations over 3 ре]! (3-84 
umol/1).?5 Between these figures some patients have 
8 satisfactory therapeutic response while others show 
evidence of serious toxicity. 

The extracardiac manifestations of digitalis tox- 
icity were studied after a manufacturing accident in 
Holland?*: digitoxin was inadvertently substituted 
for digoxin and therefore administered to a commu- 
nity in excessive dosage. Fatigue and profound mus- 
cular weakness were almost invariable. These are 
very non-specific symptoms, readily ascribed to the 
underlying disease, the effects of inactivity, or even 
imagination. We now know that they deserve closer 
attention in patients treated with glycosides. Other 
symptoms in the Dutch study included the expected 
visual and gastrointestinal disturbances, together 
with headache, restlessness, and agitation. Muscular 
cramps have also been reported.? 

In the absence of myocardial disease the cardiac 
manifestations of high plasma concentrations of car- 
diac glycosides are relatively benign. Though first, 
second, and third degree atrioventricular blocks 
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occur, prolonged pauses are infrequent because the 
automaticity of subsidiary pacemakers in enhanced. 
In patients with heart disease the manifestations are 
more complex and more serious. The association of 
tachycardias with atrioventricular block is character- 
istic; frequent ventricular extrasystoles, ventricular 
tachycardia, and venticular fibrillation are well rec- 
ognised, but some digitalis arrhythmias are very 
difficult to characterise. 

An early warning of digitalis toxicity which often 
passes unheeded is progressive regularisation of the 
ventricular response in atrial fibrillation.?? The phy- 
sician should make a habit of deciding whether or not 
the heart rate with atrial fibrillation is as “irregularly 
irregular” as his teachers had him believe. 

Very high plasma concentrations of digitalis may 
be associated with severe hyperkalaemia and 
asystole. This cannot be treated successfully by con- 
ventional methods, though the use of specific anti- 
body fragments will have a role in the severest forms 
of intoxication if such treatment becomes com- 
ercially available.*° 

Some authorities consider that digitalis should be 
used with particular caution in patients with severe 
ischaemic heart disease because the threshold to ven- 
tricular fibrillation may be lowered in this group 
which is already at high risk from sudden death. 
Moss and colleagues demonstrated that patients 
treated with digitalis were more likely to die sud- 
denly than others not so treated.*! Three other stud- 
ies have implicated digitalis as an independent risk 
factor after infarction, though the Coronary Artery 
Surgery Study did not.*? Adequately controlled 
trials cannot readily be conducted and a misleading 
impression may be obtained if patients with more 
severe disease tend to receive treatment with gly- 
cosides. For the moment the verdict on this point 
must be “under suspicion but not proven”. 


Drug interactions 


The interactions of digoxin and digitoxin with other 
agents have been described in over 400 papers listed 
in Index Medicus since 1980, and in very many more 
over the previous decade. The wise physician should 
hesitate before prescribing a glycoside with any 
other drug. This is indeed serious advice since digi- 
talis has a perilously low therapeutic ratio. 
Interactions can occur because of induced vari- 
ations in absorption, or metabolism, or excretion in 
urine or bile; variations in protein or tissue binding, 
because of changes in adenosine triphosphatase 
activity, and because of additive or competitive 
effects on cardiac tissues. Many interactions involve 
more than one mechanism, some have not been fully 
elucidated, and doubtless many remain unknown. 


Digitalis: where are we now? 


The absorption of digoxin from the gut ›„ incom- 
plete and therefore variable. Agents such as pro- 
pantheline that slow transit time through the bowel 
will increase digoxin absorption while agents such as 
metoclopramide that speed emptying will decrease 
it.*? Resins such as cholestyramine** and even sim- 
ple antacids^* will readily adsorb digoxin and retain 
it within the gut lumen. Are house officers aware of 
this when antacids are given on demand to patients 
with atrial fibrillation? Digitoxin, which is usually 
completely absorbed, is less vulnerable, but choles- 
tyramine and antacids also influence absorption of 
this glycoside. 

Microsomal enzymes which are responsible in 
part for the hepatic metabolism of digitoxin are 
inducible by phenobarbitone and phenytoin. Plasma 
concentrations of the glycoside can therefore be 
reduced by these drugs.** Digoxin is metabolised 
within the gut by Eubacterium lentum іп some indi- 
viduals.!! Hence, agents such as antibiotics that alter 
gut flora may bave profound effects on the bio- 
availability of digoxin. 

The excretion of digitoxin in bile and its entero- 
hepatic cycle are subject to interference. Choles- 
tyramine can bind the glycoside and prevent 
reabsorption. This effect can be used to counteract 
digitoxin toxicity, since the plasma half life can be 
markedly reduced with the resin.*? The renal excre- 
tion of digoxin is partly by glomerular filtration and 
partly by tubular excretion.*® The latter is sus- 
ceptible to interference by triamterene and spirono- 
lactone. Increases in plasma concentrations are rela- 
tively small. Moreover, canrenoate (a metabolite of 
spironolactone) probably competes for myocardial 
binding sites*®; thus higher plasma concentrations 
may not be reflected by higher tissue concentration. 

Drugs known to be albumin bound, such as sul- 
phonamides, phenobarbitone, and tolbutamide, dis- 
place digitoxin and change the ratio of free to bound 
drug within the plasma. But the effects are small and 
of only minor clinical umportance.*® 

The mechanisms of some important interactions 
are not completely understood, partly because they 
are complex. Quinidine, for example, may influence 
absorption, excretion, and apparent volume of distri- 
bution of digoxin. Plasma concentrations are 
increased but displacement from myocardial recep- 
tors has been postulated. Verapamil,°! ami- 
odarone,?? nifedipine,?? and ibuprofen?^ are also 
among common drugs that increase plasma digoxin 
concentrations. Symptoms arising within the central 
nervous system are exacerbated, but serious toxicity 
may depend more on whether tissue concentrations 
are increased or decreased; evidence on this point is 
sparse. Rifampicin decreases plasma concentrations 
of glycosides, especially of digitoxin.5? 
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The plasma potassium concentration influences 
digitalis effects by affecting sodium-potassium ade- 
nosine triphosphatase. Most clinicians recognise 
the peril of hypokalaemia from diuretics used in 
heart failure, which is usually exacerbated by high 
aldosterone levels. Less well recognised is the rapid 
and often profound hypokalaemia mediated by beta, 
receptors as a result of intense sympathetic stimu- 
lation.” How far the danger of this is exacerbated by 
concomitant treatment with glycosides and how far 
treatment with non-selective beta blockers can be 
protective remain speculative. 

Competing or additive inotropic and chronotropic 
effects from other cardioactive drugs merit litte com- 
ment. The concept of an inotropic ceiling may be 
worthy of mention, however. This refers to the 
inotropic reserve that exists even in the failing heart. 
It is not clear whether the ceiling of augmentation 
can be reached by inotropic гиев, but additive 
effects are unlikely. Thus there may be little point in 
using digitalis for acute heart failure if more power- 
ful agents such as catecholamines are given concur- 
rently. Cardiac glycosides may have a role, however, 
during the difficult withdrawal of catecholamines 
when there is down regulation?? of beta receptors. 


Digitalis: where are we now? 


'The cardiac glycosides are difficult and dangerous 
drugs and they are used in vulnerable patients. We 
would abandon them if we had effective substitutes. 
'The introduction of better diuretics, vasodilators, 
and perhaps alternative oral inotropic agents?? has 
reduced the role of digitalis for the long term man- 
agement of heart failure but we still require the agent 
that Withering gave us 200 years ago. We need it for 
the control of atrial fibrillation in many patients, for 
treatment and prophylaxis of supraventricular 
tachycardias in a few, for acute left ventricular fail- 
ure in most, and for chronic heart failure when other 
options seem inadequate. Perhaps digitoxin with its 
more predictable absorption and elimination and 
more constant plasma concentrations deserves more 
emphasis, and perhaps the rapid action of ouabain is 
insufficiently exploited. 

Digitalis in its varying forms still has an important 
role and we cannot do without it. But each time a 
glycoside is prescribed the clinician should ask 
whether it is worth the risk of unwanted effects, will 
it suit the need better than other drugs, and how 
closely should the patient be supervised. We must 
not use digitalis needlessly nor unthinkingly. Where 
are we now? With the benefit of our new knowledge 
we are in a better position than ever before to use 
digitalis with the assurance that benefit should out- 
weigh harm. Let those who have not done so take 
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time to read Withering’s treatise which still has 
much useful advice to offer. 


The use of the Foxglove 1s getting abroad, and її is 
better that the world should derive some 
instruction, however imperfect, from my experi- 
ence than that the lives of men should be hazarded 
by its unguarded exhibiton or that a medicine of so 
much efficacy should be condemned and rejected as 
dangerous and unmanageable.! 
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In his classic Account of the Foxglove, William With- 
ering gave a vivid description of patients with termi- 
nal heart failure and meticulous case reports of their 
dramatic diuresis in response to digitalis.! Though 
Withering remarked on the action of digitalis upon 
the heart he regarded it primarily as a diuretic and 
did not make the connection between its diuretic and 
cardiac action. Withering was well aware of the haz- 
ards of digitalis overdose but despite his warnings it 
was widely prescribed in high doses for oedema of 
non-cardiac origin and for a wide variety of other 
conditions. Its lack of effect in many of these cases 
and its pronounced toxicity caused it to fall into 
disrepute. 

In the nineteenth century polypharmacy was in 
fashion and digitalis was used, if at all, in combina- 
tion with other agents such as mercury and squill 
(Baillie's pills; Guy's Hospital pills).? Even early this 
century the merits and dangers of coffee, strychnine, 
camphor, and cane sugar in heart failure aroused hot 
debate." Purgation, cupping, vesication and 
sweating were widely practised.Ó The removal of 
excess fluid was known to produce pronounced clin- 
ical improvement and if treatment with digitalis and 
purgation failed then mechanical means were used." 
In the last resort Southey's tubes were used to drain 
the extracellular fluid, with all their attendant dis- 
comfort, scarring, and risk of cellulitis.? Heart fail- 
ure is an unpleasant illness but the misery inflicted 
by inappropriate, toxic, or dangerous treatment 
must often have been greater than that of the disease 
itself. 

Certainly some early treatments, especially vene- 
section, were capable of bringing short term benefits 
in heart failure. Bloodletting was said to “afford 
more speedy and compleat relief than any other rem- 
ейу”.? But physicians lacked understanding both of 
the diagnosis and the pathophysiology so that they 
used different methods without discrimination. 
Modern physiology established a more rational basis 
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for treatment. Howarth etal demonstrated hae- 
modynamic improvement after venesection in 
patients with congestive heart failure who had a very 
high venous pressure. The cardiac output rose as the 
venous pressure fell.!? The importance of salt and 
water excess in oedema formation was clarified by 
Starling in his classic experiments when he perfused 
isolated animal limbs.!! In consequence strict and 
unpalatable dietary restriction of salt and water was 
advocated.!?^ t4 

It was not until Vogl in 1920 reported the diuretic 
effect of the organomercurial merbaphenum, then a 
treatment for syphilis, that the era of effective 
diuretics began.!? Mersalyl, a direct development 
from merbaphenum, was the first effective means of 
treating oedema.!?!7 Organomercurial diuretics 
could produce haemodynamic improvement with a 
rise in cardiac output and a fall in right atrial pres- 
sure.!1?72? Unfortunately they had to be adminis- 
tered parenterally and were toxic. Local tissue 
necrosis followed a badly placed injection and 
chronic administration produced manifestations of 
mercurialism which varied from stomatitis to the 
nephrotic syndrome.?!^?5 Hypersensitivity reac- 
tions although uncommon were occasionally 
fatal.?$ 27 

'The search for an orally effective diuretic con- 
tinued, but most of those produced were relatively 
ineffective. ^?! Just as astute clinical observations 
during the use of merbaphenum in syphilis led to the 
development of mersalyl, so clinical observations of 
а diuresis during treatment with antibacterial sul- 
phonamides were to lead eventually to the discovery 
of the benzothiadiazine diuretics. The synthesis of 
chlorothiazide by Novello and Sprague in 1957?? 
was the mast important single advance in the symp- 
tomatic relief of heart failure. Although less potent 
than the organomercurials,?? the thiazides were 
effective orally even in those patients who had 
become resistant to mercurial diuretics and they 
were also much less toxic.?*?5 They were not, how- 
ever, without their problems. One of their major side 
effects was hypokalaemia which could be pro- 
found, inducing hepatic coma in patients with 
cirrhosis?" and sensitising the myocardium to the 
toxic effects of digitalis in patients with congestive 
cardiac failure.?9 ^4? None the less, they remain an 
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important tool in the management of heart failure. 

Diuretic resistance remained common until the 
era of the so called “loop” diuretics frusemide and 
ethacrynic acid. These are both extremely potent 
and quite well tolerated.*! ^** Their efficacy, even in 
those patients who no longer respond to thiazides, 
means that the diuretic resistant patient is now 
rare,*5 

The galt retaining corticosteroid, aldosterone, was 
identified*® at almost the same time as the discovery 
of the oral diuretics. For many years it was believed 
that secondary hyperaldosteronism was mainly 
responsible for the salt and water retention in con- 
gestive heart failure and much research was concen- 
trated on this mechanism. Spironolactone (a specific 
aldosterone antagonist), however, proved to be rela- 
tively ineffective in cardiac oedema. The position 
was finally clarified in 1974 by Nicholls et al who 
showed that aldosterone concentrations were slightly 
raised in untreated heart failure and fell to normal as 
body weight declined during diuretic therapy.*? It 
was only as the body weight stabilised and the 
patient became salt depleted that the aldosterone lev- 
els rose sharply to 4—6 times normal. Knight etal 
demonstrated a highly significant correlation 
between the dose of frusemide and the plasma 
aldosterone concentration.*® 

Release of renin from the kidney is critical and 
there appears to be a two stage mechanism. In heart 
failure renal blood flow is slightly reduced and an 
increase in renin release follows. Circulating angio- 
tensin II stimulates aldosterone secretion from the 
adrenal and plasma aldosterone becomes slightly 
raised. As patients become salt depleted and “dried 
out” there is a secondary and much greater rise in 
renin and aldosterone.*’ 

Modern diuretics have transformed the symptom- 
atic treatment of a patient with dropsy and would 
have greatly impressed a physician of Withering’s 
era. But they are only part of the story and are not 
without their problems. The patient who has been 
dried out with diuretics may look better but the other 
problems of heart failure remain—fatigue, limited 
exercise capacity, cachexia, and salt depletion with a 
high plasma aldosterone and renin. A fully effective 
treatment for heart failure should restore exercise 
capacity and improve life expectancy. as well as 
relieve symptoms. 


Exercise capacity 


With the advent of invasive haemodynamic mon- 
itoring,*®~*' the effect of drug treatment оп 
different aspects of the failing circulation became 
clearer.5?5? Unfortunately, most studies were per- 
formed in the catheter laboratory and the obser- 
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vations lasted at most a few hours. They yielded 
valuable information on the control of the cardio- 
vascular system but were a poor guide to long term 
therapeutic responses.?5 Haemodynamic indices 
such as cardiac output correlate very poorly with 
exercise duration and capacity in patients with heart 
failure.5555 More sophisticated haemodynamic indi- 
ces, even those determined during exercise testing 
also fail to show any significant correlation with exer- 
cise capacity.57 59 

Attempts to improve exercise capacity in heart 
failure must take into account normal circulatory 
control during exertion. Cardiac output at rest is 
normally about 5—6 litres of which about half goes to 
the splanchnic and renal beds and a quarter to skele- 
tal muscle. Under conditions of maximal exercise 
there is an enormous increase in cardiac output (for 
example to 24 litres) primarily to skeletal muscle. 5? 
In addition a rationing system is introduced which 
curtails the flow to inactive muscle and the splanch- 
nic and renal beds while allowing the coronary flow 
to rise and the cerebral blood flow to remain virtually 
unchanged. Mason et a] have demonstrated that the 
rationing system imposed on the normal circulation 
during exercise is active in heart failure patients at 
rest.°!. The total cardiac output at rest is generally 
lower with more going to skeletal muscle and less to 
the renal and splanchnic beds. During exercise, this 
imbalance becomes even more pronounced. 

There is one further adaptation of the circulation in 
heart failure. Franciosa showed that for a given work- 
load the oxygen consumption of a group of patients 
with congestive cardiac failure of varying severity is 
virtually identical to that of a group of normal con- 
trols.9? At each workload, however, the cardiac index 
of the patients with congestive cardiac failure was 
lower than in the controls, indicating increased ex- 
traction of oxygen from the capillary blood. The 
main difference between controls and those with 
heart failure of different degrees of severity was the 
load/duration at which they had to stop. 

An objective measure of maximal exercise capac- 
ity, such as the maximal oxygen uptake, is desirable 
for the comparison of different drugs used in the 
treatment of heart failure. Maximal oxygen uptake is 
a sensitive test for differentiating the severity of heart 
failure.5? Unfortunately in most of the protocols 
used for testing exercise capacity in patients with 
congestive cardiac failure the workload is doubled 
every few minutes.$? °> Such protocols may be ap- 
propriate for theshold testing in patients with an- 
gina, but they have the effect of telescoping the 
variation in duration of exercise at higher workloads 
in patients with congestive cardiac failure and of 
reducing the sensitivity of the method for detecting 
benefit. À fixed workload, if necessary one calculated 
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individually for each subject, would be more аррго- 
priate. 


CRITERIA FOR ACCEPTABLE STUDIES 

In our review of the vast number of published re- 
ports on the drug treatment of congestive heart fail- 
ure we have concentrated on studies which were 
double blind, included a placebo control, and as- 
sessed the effect of treatment upon exercise capacity. 
We have included only those studies which assessed 
longer term effects of drug therapy on exercise ca- 
pacity, since these have been shown to differ from 
short term effects.$6 Unfortunately we have there- 
fore had to exclude many papers. Ideally we should 
have applied two further exclusion criteria—firstly 
that the numbers of patients studied were sufficiently 
large to have confidence in the significance of a nega- 
tive result, that is to say that the study included a 
calculation of statistical power as well as significance; 
and secondly that the results were analysed on an 
intention to treat basis rather than on the basis of the 
patients who completed the protocol. Had we ap- 
plied these additional criteria too few papers would 
have been left for conclusions to be drawn. 

'Two broad categories of drugs have been used to 
try to increase exercise capacity in patients with 
heart failure; these are vasodilators and positive in- 
tropic agents. 


VASODILATOR THERAPY 

Vasodilators were introduced into the treatment of 
heart failure as a result of haemodynamic research 
and with the aim of reducing preload and after- 
load.5799 They have profound immediate hae- 
modynamic effects and were hailed by many as the 
most important advance in treatment since digitalis 
and the diuretics. Despite the improved hae- 
modynamics associated with their use, short term 
studies did not always show an increase in exercise 
capacity.°? Moreover, the effect of long term treat- 
ment on exercise capacity was neglected until the 
past decade. 

А wide spectrum of vasodilator drugs is currently 
in use, the most common groups being direct acting 
venodilators (such as nitrates), arteriolar dilators 
(such as hydralazine), alpha, adrenoceptor blocking 
drugs (for example prazosin, trimazosin), and the 
angiotensin converting enzyme inhibitors (captopril, 
enalapril). The beta, receptor agonists, such as sal- 
butamol, are now thought to be too arrhythmogenic 
for widespread use. 

In a randomised double blind placebo controlled 
study of 32 patients followed up over 26 weeks, 
Franciosa et al found a significant improvement in 
exercise duration on hydralazine over the first four 
weeks (mean (SEM) 259(21) to 347(35) s, p « 0-01) 
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and a further rise at 26 weeks (421(38) s, p < 0-001).79 
Exercise duration, however, also іп 
significantly in the placebo group over the first four 
weeks (271(30) to 340(44) s, p< 0-02) and at 26 weeks 
(339(46) s, p<0-02). There were no significant 
differences between the two groups at any time dur- 
ing the study and this evidence emphasises the need 
for adequate placebo controls. In a further study 
with hydralazine by Conradson eral, the difference 
between the treated and control group just reached 
statistical significance at six months (p<0-05) but 
this advantage was lost by 12 months (p=0-14).”! 
Only half of the patients who entered the study com- 
pleted it; most dropped out because of worsening 
heart failure. If the results had been analysed on an 
intention to treat rather than the on treatment basis 
it is unlikely that there would have been a significant 
difference between the two groups. 

Similar results were reported by Leier et al with 
isosorbide dinitrate in a study of 30 patients over 12 
weeks."? Both the treated and the control groups 
showed a small increase in their exercise duration, 
with the difference just reaching statistical 
significance at 90 days. A similar trend was seen with 
prazosin over six months’ treatment (mean (SD)) 
(541(204) to 630(100) s) compared with placebo 
(531(141) to 435(148) s), but the difference between 
the groups was not significant.’ Other studies with 
prazosin and trimazosin have shown a small im- 
provement in the treated group over baseline values 
which was not seen in the placebo group but in most 
cases the difference in improvement between the 
groups was not significant. "^^ 76 

Whether or not the improvement on vasodilators 
was just significant, the disappointing fact remains 
that the degree of improvement во far demonstrated 
with vasodilators is not of sufficient magnitude to 
make a substantial difference to the patient's life. It 
is debatable whether the improvement in most of the 
trials would be of any real clinical value. 

'The last category of drugs included, somewhat 
loosely, under the heading of vasodilators is the an- 
giotensin converting enzyme inhibitors. Here the re- 
sults are somewhat more encouraging. Cleland et al 
found a highly significant increase in exercise time 
from 336(228) to 546(318) s (mean(SD)) (p « 0-005) 
in 14 patients after 12 weeks’ therapy with captopril. 
With placebo substitution, exercise time fell to 
456(258) s (р<0-03).7? A less pronounced im- 
provement was seen in a similar study by Cowley 
etal (mean (SEM)) (726(77-4) to 894(70-2) s, 
р «0-05) but they studied patients with milder heart 
failure over a shorter period of four weeks.”? A much 
larger multicentre study with 92 patients over 12 
weeks showed a 24% increase in exercise tolerance 
(495(22) to 614(27) s) with captopril as compared 
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with a 0-4% increase with placebo (mean (SEM)) 
(480(28) to 483(43) s, p «0-01)."? Furthermore the 
difference between the two groups became more pro- 
nounced as the study continued, and the exercise 
tolerance of the treated group was still rising at 12 
weeks. The largest study of an angiotensin con- 
verting enzyme inhibitor was an international multi- 
centre study of enalapril in 256 patients. Again the 
treated group had significantly better exercise toler- 
ance than the placebo group at 12 weeks and the 
difference continued to increase up to 24 weeks 
(p « 0-001). 

Angiotensin converting enzyme inhibitors may be 
the only group of “vasodilators”? which offer a real 
advantage for patients in heart failure. Besides their 
effect upon peripheral vascular resistance they also 
reduce aldosterone secretion and have a mild diuretic 
action in contrast to the salt retaining action of all 
other vasodilators. 


INOTROPES 

For almost 200 years the mainstay of treatment for 
congestive heart failure has been inotropic therapy 
with digoxin. With reservations about the dangers of 
increased myocardial oxygen demand, the use of 
drugs with a positive inotropic action to increase the 
low cardiac output of heart failure appears the most 
promising therapeutic approach. Powerful inotropes 
such as isoprenaline increase the resting cardiac 
index®° but their value in the management of pa- 
tients with chronic congestive cardiac failure is not 
established. Despite its long history, controlled trials 
of digoxin treatment in patients with congestive 
heart failure who are in sinus rhythm were not done 
until the value of such treatment began to be ques- 
tioned about 10 years ago. Since then scepticism has 
grown after several studies in which either no benefit 
could be demonstrated or, if present, was very 
small.5! 783 Some studies such as those by Lee et a/9* 
and Arnold eral’ have shown clinical or hae- 
modynamic benefit, but maximal exercise capacity 
was not improved in a non-randomised, double 
blind, placebo controlled withdrawal study of 12 pa- 
tients by Fleg ега/.86 According to the criteria we 
have adopted, a benefit of digitalis in patients with 
heart failure treated with diuretics has not been es- 
tablished. 

Most of the more powerful inotropic agents ap- 
proved for clinical use have to be given intravenously 
and thus cannot be used routinely in long term out- 
patient management of congestive heart failure. To 
overcome this disadvantage several orally active pos- 
itive inotropes, such as the bipyridine derivatives 
amrinone and milrinone, have been developed and 
have generated intense interest." Amrinone showed 
some initial promise when Weber zt al reported a 
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sustained increase in maximal oxygen consumption 
in patients taking the drug orally for 12 weeks.?5 But 
a lack of improvement seen in small studies?’ has 
been confirmed by the findings of a much larger 
multicentre study of 173 patients.?? 'The 52 patients 
who showed the best response to the drug in the open 
phase were randomised in a double blind fashion to 
either continue amrinone or to receive placebo. Sub- 
sequent comparison of the two groups showed simi- 
lar falls in exercise time (7% and 10% respectively) 
and no significant difference between them. The lack 
of long term efficacy coupled with a high incidence 
of adverse reactions has prompted the withdrawal of 
amrinone from clinical trials except as acute intra- 
venous therapy. We await the results of trials with its 
congener, milrinone. 

Unexpected encouragement to continue the search 
for better inotropic agents has come from studies of 
the intravenous administration of dobutamine. 
Liang eral studied 15 patients with congestive car- 
diomyopathy who were given 72 hour infusions of 
dobutamine or placebo in a randomised double blind 
placebo controlled trial which included mea- 
surement of exercise capacity over four weeks.?! 
There was a significant difference in treadmill exer- 
cise time between the two groups which was sus- 
tained over four weeks (p«0 05). Though ıt is 
difficult to postulate a mechanism for this long du- 
ration of action, some support for the findings comes 
from a previous uncontrolled study of intermittent 
shorter infusions given to outpatients weekly for 24 
weeks.?? Dobutamine looks reasonably promising 
but we must await the outcome of larger controlled 
trials before the benefits and the effects of mortality 
and morbidity can be assessed. 

Overall the effects of vasodilators and positive in- 
otropic agents in heart failure are unimpressive when 
measured against the extent of the patient's disabil- 
ity. The degree of benefit, however, that can be at- 
tained must ultimately be limited by the severity and 
reversibility of the damage to the heart muscle. 


Prolongation of life 


An effective treatment of heart failure ought to pro- 
long life as well as provide symptomatic relief. It 1s 
instructive to examine the evidence that any form of 
treatment can improve survival. 


PROGNOSIS OF HEART FAILURE 

The prognosis of congestive heart failure is as grave 
as that of many malignant neoplasms. In the Fram- 
ingham study overt evidence of congestive heart fail- 
ure developed in 142 of the original cohort of 5192 
over 16 years.?? Despite medical management the 
probability of dying within five years from the onset 
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of heart failure was 62% for men and 42% for 
women. Mortality rates of about 35% at one year 
were found in several smaller studies by Massie 
et al?* Franciosa et al,?* and Unverferth et al.9® The 
cumulative mortality of medically refractory heart 
failure is even worse—42% at one year and 68% at 
two уеаг$.?7 

Patients with heart failure do not all die from a 
progressively falling cardiac output; sudden death is 
also important. Wilson et al, who defined a death as 
sudden if the patient was known to have been clin- 
ically unchanged in the previous week and stable one 
hour before death, reported that approximately 50% 
of deaths were sudden and that the rest were due to 
progressive heart failure.?" Other estimates of mor- 
tality attributable to sudden death vary from 11% to 
60-90% .98- 100 

Itis interesting that the Beta-blocker Heart Attack 
Trial showed a reduction in the relative mortality 
rate for patients with mechanical as well as electrical 
complications of acute myocardial infarction who 
were treated with propranolol.!?! Prevention of sud- 
den death from arrhythmias may provide a means of 
improving survival in patients with congestive heart 
failure. 

No properly designed studies have been carried 
out to investigate the effects of vasodilators or posi- 
tive inotropic agents upon mortality. Pooling the 
published controlled studies suggests that mortality 
with most drugs (for example, alpha blockade, hy- 
dralazine, isosorbide) is either unchanged or in- 
creased. The combined data from the much larger 
trials with the angiotensin converting enzyme in- 
hibitors captopril and enalapril are more encour- 
aging. The effect of the angiotensin converting 
enzyme inhibitors on mortality in heart failure 
should now be investigated in a large properly de- 
signed trial. 

Tunstall Pedoe studied changes in national mor- 
tality statistics over two periods when the bio- 
availability of digoxin was changed.!?? There was 
little change in the dose of digoxin prescribed over 
these periods and no consistent change in mortality. 
This implies that the increased bioavailability of di- 
goxin itself was not an important cause of mortality, 
but neither was it beneficial. 


PREVENTION OF HEART FAILURE 

There is evidence that some deaths from heart failure 
may be preventable. The Medical Research Council 
Home Oxygen Trial showed that 19 of the 42 pa- 
tients with chronic hypoxic cor pulmonale who were 
treated with long term oxygen therapy died in the 
five years of survival follow up compared with 30 of 
the 45 controls.!?? In the Veterans Administration 
Study of cor pulmonale 88%, of the responders to 
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home oxygen (that is those who had a fall in their 
mean pulmoaary arterial pressure) but only 2294 of 
the non-responders were alive at the end of two 
years.!?* These trials, however, involved patients 
taking oxygen at home for at least 15 hours a day and 
the quality of the life that was prolonged must have 
been much restricted. 

There is one further area where preventive treat- 
ment seems to have led to a major reduction in mor- 
tality from cardiac failure. This is the treatment of 
hypertension. Several therapeutic trials in patients 
with severe hypertension!°>~}°? showed that ade- 
quate control of blood pressure prevents the devel- 
opment of heart failure. It is noteworthy that in the 
Framingham study hypertension preceded the de- 
velopment of heart failure in 75%, of cases.?? Further 
evidence is provided by a review of the mortality data 
for England and Wales from the Registrar General's 
annual reports under code 402 (deaths from hyper- 
tensive heart disease). While there must be some 
reservations about the possible alternative coding in 
another category of deaths from this cause, the 
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Fig. Mortahty from hypertensive heart disease in England 
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figures show a 75% fall in mortality from hyper- 
tensive heart disease since 1958 and deaths in those 
with hypertensive heart disease are probably mainly 
caused by heart failure (see Fig.). 


Future prospects 


Despite the success of diuretics, it 18 a sobering 
thought that other advances in therapeutics over the 
last 200 years such as the discovery of penicillin and 
the treatment of tuberculosis would impress a physi- 
cian of Withering’s era far more than our use of 
vasodilators and inotropes for chronic heart failure. 
Indeed Withering himself, a forward thinking mem- 
ber of the Lunar Society, would probably be dis- 
mayed to find that we are still using digitalis, a drug 
which he recognised to be highly toxic and of limited 
efficacy. Perhaps only the angiotensin converting en- 
zyme inhibitors and the modern management of hy- 
pertension would provide him with some faith in our 
progress ш the treatment of heart failure. 

The best hope for the future is probably to con- 
centrate on preventive measures such as reduction in 
cigarette smoking, treatment of hypertension, myo- 
cardial salvage during infarction, and even the pre- 
vention of atheroma. There may also be some scope 
to improve active treatment by combining inotropes 
with angiotensin converting enzyme inhibitors and 
perhaps by combining the inotropic action of a drug 
like dobutamine with the antiarrhythmic action of 
propranolol in a molecule which is a partial beta, 
receptor agonist. Heart failure will have to be treated 
less as a global end stage disease and more as the 
specific outcome of diseases such as ischaemic heart 
disease and cardiomyopathy. Continued advances irr 
treatment are much needed. 
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Changing digoxin potency and cardiac mortality in 
England and Wales 1968—76 


HUGH TUNSTALL-PEDOE 
From the Cardiovascular Epidemiology Unit, Ninewells Hospital and Medtcal School, Dundee 


SUMMARY Data on monthly totals of cardiac deaths in England and Wales were examined in 
different ways to see whether there were any unexplained fluctuations in rates both at the time 
of an unplanned increase in the bioavailability and therefore the potency of the Lanoxin brand 
of digoxin in May 1972 and also when there was a coordinated increase in the bioavailability of 
other brands in October 1975. Despite advice to prescribers, dosages were not proportionately 
reduced in the 600000 patients who were on treatment. Monthly totals of deaths from cardiac 
causes were high through the summer of 1972 but not at the end of 1975 and the excess in 1972 
seems to be related to a cold summer. There was no evidence of a consistent or specific effect of 
changes in digoxin potency, either beneficial or harmful, on deaths from all cardiac causes or in 
specific subgroups in which digoxin treatment was likely to be most common. Although major : 
changes in digoxin potency in England and Wales did not seem to produce a repeatable effect on 
death rates, data from other countries should also be examined for evidence of such an effect. 


Digitalis is an old established drug widely used in the 
form of digoxin for the control of atrial fibrillation 
and the treatment of congestive cardiac failure.!? Its 
therapeutic index, however, is low, individual dos- 
age is variable, particularly in the elderly in whom it 
is often prescribed, and toxic effects such as anorexia 
and rhythm disturbances may be confused with the 
conditions it is used to treat. Its value in improving 
symptoms is accepted but it is not known whether its 
mass usage in the population is beneficial or harmful 
since it has never been the subject of a large scale 
controlled trial such as is used for new drugs; how- 
ever, some small scale trials have been reported.?^ 
But digoxin has been the subject of two natural ex- 
periments in the United Kingdom. In 1969 the po- 
tency of the leading proprietary brand, Lanoxin, was 
reduced by about half as a result of a change in 
manufacturing procedures which affected its bio- 
availability. This was followed in the summer of 
1972 by an unplanned doubling of potency at a time 
when new tests of bioavailability were being intro- 
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duced. Consequently а new standard for bio- 
availablity was set, and there was a planned 
synchronised increase in the potency of all other 
brands in October 1975. 

A previous study explored what happened to dos- 
age levels and prescribing habits over this period.’ 
An estimated 600 000 patients were found to be on 
long term treatment including 6% of the population 
over 65. Although mean daily dosages showed a 
steady decline in the period 1967—76, there was no 
sudden change in dosage at the time of the changes 
in digoxin potency. In contrast to the small scale 
controlled trials, the natural experiment therefore 
involved a study population of 600 000 who under- 
went a sudden increase in the effective dosage in 
1972 and 1975. 

Because digoxin is used exclusively for heart dis- 
ease most of those who died from toxicity or whose 
lives might have been prolonged by the increased 
effective dosage would probably have had a diagnosis 
of heart disease shown on the death certificate. I 
therefore decided to examine the monthly trends in 
deaths for England and Wales attributed to heart 
disease over several years with an a priori require- 
ment that if an association with changes of digoxin 
potency was to be establi: = increase or de- 
crease in deaths seen in e iner'of 1972 should 
also be seen in the aut 






Ñ P " 
ГА = RM 
Se, чануу” 


Tunstall-Pedoe 


22 e o 1972 
A 1975-76 
A e 
e 
2 ge я Е 
EH $° ° 
e ee ° $ 
м 18 e e? 
Ё °з à 
E : ° 
Š 6 : Y t ө ods 
8 e е : : 
i : 
$ 


J Е M A M JS J} А S О N D 
Months 


Fig.1 Monthly totals of cardiac deaths 1968-76 showing how the six months from 
May 1972 and October 1975 compare with corresponding months їп other years. 
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Fig.2 Monthly totals of cardiac deaths 1968-76 corrected to 31 days and plotted agamst.mean 
monthly temperature recorded at Kew. 
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Fig.3 Cumulative sum graph of observed minus expected cardiac deaths per month 1968—76 corrected for 
temperatures to show changes їп trends Months marked are those when influenza deaths exceeded 200 or when 
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in digoxin potency. 


Patients and methods 


Monthly totals of deaths in England and Wales were 
extracted from the Registrar General’s publications 
from the years 1968 (when a new disease 
classification was introduced) to 1976.° Different 
categories of deaths were looked at including deaths 
from all causes, respiratory deaths (International 
Classification of Disease rubrics 460-519), neo- 
plasms (140—239), cardiovascular deaths (390—458), 
cardiac deaths (390—429), and different subgroups of 
the latter. 

Cardiac deaths were subjected to special analyses. 
Because of the excess of deaths in the winter months, 
often accompanied by influenza epidemics and also 
related to the ambient temperature, the monthly to- 
tals for each year were displayed graphically, picking 
out the six months after the increase in Lanoxin 
potency in May 1972 and the increase in potency of 
other digoxin brands in October 1975 (Fig. 1). The 
number of deaths in each month was then adjusted 
upwards if necessary to correct for the shortfall from 
31 days and they were plotted against the mean 
monthly temperature at Kew (Fig. 2). 

А third technique was then used to explore these 
data in a different way. À regression equation was 
calculated to fit the data in Fig.2 to relate numbers 
of cardiac deaths per month to the mean 
monthly temperature (corrected monthly death 
total = 20 697 — 425 x the mean monthly temperature 
in degrees C). For each month from the beginning of 
1968 the formula was used to calculate sequentially 


the expected number of deaths and any discrepancy 
(positive or negative) between that and the observed 
number was found. These were then put together by 
means of the cumulative sum (CUSUM ) technique 
in which the discrepancies are added serially and 
plotted, so that a change in the gradient of the line 
shows that a new factor is operating (Fig. 3)’ 
Finally, I analysed the numbers of deaths per 
month in different cause groups. Periods of four 
months’ duration after the two increases in potency 
were compared with the four month periods pre- 
ceding the increase. Each monthly total in each cate- 
gory for February 1972 to May 1972 and for June 
1975 to September 1975 was divided by the average 
number of deaths in that disease category in that 
calendar month during the years 1968 and 1976 to 
obtain a monthly score (this time uncorrected for 
temperature). The same calculation was done for the 
two four month periods June to September 1972 and 
October 1975 to January 1976. The sum of the scores 
for the eight post-potency increase months was then 
divided by the sum of the scores for the eight pre- 
potency increase months to obtain a ratio (Table). 


Results 


A scatter diagram of number of cardiac deaths in 
each calendar month over the nine years is shown in 
Fig. 1. The results for June, July, August, and Sep- 
tember 1972 are all rather high, there is no excess in 
October, but there is a rather high reading in No- 
vember. The figures for October 1975 are average, 
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Table Ratio of post-potency increase monthly scores to 
pre-potency tncrease monthly scores 


Cause of death Number of deaths — Post-potency to. 
(ICD) in May 1972 pre-potency ratio 
of deaths 

All causes 46834 097 
Neoplasms (140-239) 10121 0-98 
Respiratory (460-519) 5513 0-92 
Cardiovascular (390-458) 24573 099 

Cardiac (390—429) 15833 101 

Rheumatic heart (393-8) 534 096 

Мита! valve (394) 231 0 95 
Symptomatic heart (427) 1076 098 





those for November are high, while those for De- 
cember and January 1976 are below average; an 
influenza epidemic increased the numbers for the 
following February and March. 

Figure 2, in which monthly rates are plotted 
against temperatures, shows the known association. 
Aberrant high peaks at the lower temperatures were 
related to influenza epidemics, and those at high 
temperatures to heat waves. The high monthly num- 
bers in the summer of 1972 appear to be largely 
explained by the temperature. Nineteen seventy two 
had the coldest May, coldest June, an average July, 
the second coldest August, and the coldest Sep- 
tember in the nine year period, based on the mean 
monthly figure recorded at Kew. 

The cumulated sum graph (Fig. 3) which indicates 
trends after correction of data for temperature shows 
a tendency for deaths to decline in the late 1960s, an 
accelerating decline at the end of 1970 through 1971, 
and a change of trend at the beginning of 1972. Lan- 
oxin potency was changed in May 1972 during a level 
phase and a positive gradient appears to start in late 
1972. In contrast there was no obvious change in 
trends with the planned increase in potency of other 
digoxin brands in October 1975, which occurred 
during a period of five months when rates were lower 
than expected and was followed by an erratic year in 
1976 when there was an influenza epidemic followed 
by summer heat waves. Both of these factors were 
associated with an excess of deaths in patients with 
heart disease. 

The ratio of post-potency increase monthly scores 
to pre-increase scores (Table) shows no effect that 
seems to be specific to digoxin. Although the ratio for 
all cardiac deaths increased more than the ratios for 
deaths from ай causes and for cardiovascular, respi- 
ratory, and neoplastic deaths, if this increase were 
the effect of a change in digoxin therapy there should 
have been an exacerbation in the categories of heart 
disease in which digoxin 18 most commonly used 
such as rheumatic heart disease, mitral heart disease, 
and the symptomatic heart disease category (which 
includes those patients in whom heart failure and 
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arrhythmias were diagnosed without an underlying 
specific abnormality). 


Discussion 


Use of national mortality figures to determine the 
effects of medication is an unusual technique but has 
an important precedent. Asthma deaths were shown 
to rise in young people at a time when new pressur- 
ised aerosols that dramatically relieved symptoms 
were being widely introduced.® Cardiac disease 
treated by digoxin is chronic and usually managed in 
the community and patients usually die while they 
are on this medication. An increase (or decrease) in 
such deaths would not be detected by an individual 
clinician or clinic unless the change was consid- 
erable. This is because a limited number of patients 
are treated in any one centre, sporadic fluctuations in 
deaths are normal, and there is not usually any for- 
mal surveillance of death rates. National mortality 
figures cover the pooled experience of all the patients 
and clinicians in the population with no loss to follow 
up. In this case 600 000 patients were believed to be 
on treatment? with a mean daily dose (all ages) of 
about 380 ug in 1972 and of 320 ug in 1975. If 1% of 
these patients had died or had had their death de- 
layed as a result of the change in potency of the drug 
then the death rate would change by 6000, but the 
chance of it coming to clinical attention in any single 
centre 18 very small. 

There are several difficulties associated with the 
use of trends in cardiac deaths or indeed deaths from 
any cause. Over several years there are trends in 
numbers of deaths which are related to long term 
trends in disease rates (such as the decline in rheu- 
matic heart disease) or to changes in the age structure 
of the population or to fashions in diagnosis. While 
such long term trends should not affect short term 
fluctuations, the latter are quite considerable. Rates 
are particularly likely to fluctuate in the winter when 
they are affected by the temperature, which can be 
allowed for (as demonstrated above), and by 
influenza outbreaks, which cannot since different 
outbreaks have different virulence and may or may 
not differentially affect elderly patients with heart 
disease. It is difficult in retrospect to prove that any 
fluctuation is caused by medication because death 
certificates do not record medication and there is no 
routine surveillance of the mortality of all patients 
who are on established drugs. If there is a fluctuation 
in the death rate amounting to only a few per cent it 
is not possible to identify which specific deaths were 
expected and which were exceptional without a very 
laborious and possibly inaccurate survey. 

The excess of cardiac deaths in the summer of 
1972 was unusual in that it occurred at a time of the 
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year when death rates are usually stable, and a link 
with the change in Lanoxin potency must be sus- 
pected. There are several reasons, however, for 
thinking that this was unlikely. Firstly, the excess 
seems to be largely explained by the cold summer 
(Fig. 2) and, secondly, there was no corresponding 
increase in cardiac deaths after digoxin potency had 
increased in October 1975. In 1972 the manufacturer 
realised some типе after stocks were first released to 
suppliers that potency had changed, but the new 
formulation would not have reached all patients at 
the same time, so that there would have been a de- 
layed and progressive impact on patients as old 
stocks were used up and new ones were introduced. 
During this time, pharmacists were being encour- 
aged to dispense other brands against general prac- 
titioner prescriptions for Lanoxin. Thus though we 
know what was being prescribed? we do not know 
exactly what was being dispensed and when. The 
situation in October 1975 was much more straight- 
forward. For the non-Lanoxin brands, the high po- 
tency variant was not released before October 1975 
but was dispensed exclusively after that date so that 
the impact on the patient population would have 
been simultaneous. Unfortunately the proportion of 
patients on medication being supplied with non- 
Lanoxin brands at this time is not known since many 
pharmacists dispensed Lanoxin against a generic 
prescription for digoxin and although it is claimed 
that Lanoxin had the bulk of the market in 1972, it 
was less popular afterwards and then began to re- 
cover its former position. The a priori hypothesis of 
this investigation was that any effect of a change in 
digoxin potency would have been repetitive, but 
there is no evidence that the change of potency did 
have a consistent effect on cardiac deaths. 

Two other features argue against the claim that 
digoxin was responsible for any of the excess of car- 
diac deaths in 1972. One is that while there was a 
peak in the broad category of cardiac deaths, this 
excess was less apparent in deaths attributed to rheu- 
matic heart disease (and specifically mitral valve dis- 
ease), for which a high proportion of patients would 
have been receiving large enough doses to control 
atrial fibrillation, and also in deaths from symptom- 
atic heart disease which tend to occur in elderly pa- 
tients being treated for congestive cardiac failure. 
Finally there was no clinical evidence of an epidemic 
of digitalis toxicity at this time. This contrasts with 
a report from Israel where a change in digoxin po- 
tency resulted in large numbers of patients being 
admitted to hospital with toxic effects.? Although the 
major changes in Lanoxin potency in 1969 and 1972 
were largely unremarked and led to little change in 
prescribing habits by clinicians,? it would be sur- 
prising if an increase in deaths from digoxin toxicity 


247 


in England and Wales could occur without prompt- 
ing any comments from hospital doctors on the in- 
crease in morbidity, especially since such 
observations were being reported in other countries. 

These observations do not establish the case for an 
overall beneficial or harmful effect resulting from a 
change in digoxin potency neither do they prove that 
changes in digoxin potency have no effect at all on 
mortality. It is possible that the increase in potency 
benefited some patients and harmed others and that 
the effects cancelled out. Several other countries 1п- 
troduced new standards for digoxin bioavailability at 
about the same time (1975). It would be useful to 
examine data from those countries for which 
monthly figures for cardiac deaths are available (as 
they are in England and Wales) and where the brands 
of digoxin which were widely available before the 
change were of low bioavailability. Data from any 
one country are likely to be affected by the extra- 
neous factors already discussed while examination of 
those from several might uncover any small 
beneficial or harmful effect concealed in the present 
figures. Whatever the effect, it is unlikely to be large. 
А randomised controlled trial of the effects of di- 
goxin on survival, despite its superior ability to con- 
trol for other factors, would need to be extremely 
large to detect an effect that is not shown by these 
data. 
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Rapid plasma digoxin assay in outpatients—a useful 
routine technique? 
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SUMMARY In 25 outpatients taking digoxin for chronic atrial fibrillation (established for at least 
six months) a prospective study identified only one case in which rapid availability of the results 
of a plasma digoxin assay altered the dose which had already been selected on the basis of simple 
clinical assessment. No patient received more than 375 ug digoxin per day and none showed 
clinical evidence of toxicity even though seven had renal impairment. Six other patients had 
poorly controlled ventricular rates requiring larger doses of digoxin, but even in these patients the 
dose could be selected on clinical grounds alone. Despite the availability of a very rapid 
fluorescence polarisation immunoassay for digoxin, simple but careful clinical monitoring is an 
adequate basis for the selection of a suitable dose in most patients taking digoxin for atrial 


fibrillation. 


Radioimmunoassay of plasma digoxin provides clin- 
ically valuable information, although the correlation 
between digoxin concentration and clinical state is 
imperfect, particularly at each end of the suggested 
therapeutic range.! The 3 to 4 hour assay time means 
that further clinic visits or advice by letter or tele- 
phone are required by outpatients. 

Fluorescence polarisation immunoassay of plasma 
digoxin concentration takes about 20 minutes? so 
that clinicians can review treatment at a single clinic 
visit. The value of rapid outpatient assays of anti- 
convulsant drugs has been established,? but in other 
circumstances the availability of a rapid assay may 
lead to its overuse.* We have assessed the clinical 
usefulness of a rapid plasma digoxin assay for 
patients attending a district general hosptial cardi- 
ological clinic. 


Patients and methods 

We studied 25 euthyroid outpatients aged 50 to 86 
years with chronic rheumatic or ischaemic heart dis- 
ease complicated by atrial fibrillation. T'he presence 
of the arrhythmia was confirmed by an electro- 
cardiogram on the study day. In every patient the 
serum albumin concentration was normal. All 
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patients had taken the same dose of digoxin at night 
for at least four weeks and had taken a prestudy dose 
around midnight. A blood sample was taken at 9 am 
the following morning at the clinic. 

We used a brief standard questionnaire to assess 
dose adequacy as low, high, or optimum. Ап opti- 
mum response was defined as an absence of pal- 
pitation or symptoms of toxicity! with a resting ven- 
tricular rate of 60 to 100 beats per minute. If a dose 
was thought to be inadequate a proposed increase 
was recorded. One hour later this clinical assessment 
was reviewed in the light of plasma potassium and 
creatinine concentrations, and again when the 
plasma digexin concentration was known, to see 
whether the proposed digoxin dose should be 
changed. When a dose was increased the procedure 
was repeated after four weeks. i 

The Abbott TDX fluorescence polarisation 
immunoassay method was used to measure plasma 
digoxin. The therapeutic range eight to 10 hours 
postdose is 1:2 to 2-4 nmol/l with this assay. 


Results 


Thirty two measurements of plasma digoxin were 
obtained in 25 patients (see Table). All the patients 
were normokalaemic, though 20 were taking 
diuretics. Seven had renal impairment (creatinine 
120-200 pmol/l) but their digoxin doses varied 
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Table Relation between plasma digoxin concentration and heart rate 
Case No Previous heart rate Imtial assessment Increased dose 
over 120 beats per min 
Heart rate Digoxin (nmol/l) Heart rate Digoxtn (nmol/l) 
1 Yes 124 0 38 84 095 
2 Yes 122 0-35 92 130 
3 Yes 120 1-42 70 2 64* 
4 Yes 118 075 96 1-45 
5 Yes 112 0-60 90 099 
6 — 108 0-52 78 072 
7 — 98 125 — — 
8 — 92 0-35 80 095 
9 — 90 0-62 — — 
10 — 88 064 — — 
11 Yes 86 082 ~ — 
12 Yes 78 1:40 — — 
13 Yes 78 1-15 — — 
14 Yes 70 130 — -— 
15 — 70 0-74 — = 
16 — 65 125 we — 
17 Үез 62 2:82* — — 
18 — 60 142 — — 
Creatymne above 120 mol/l: 
19 Yes 98 1:36 -— = 
20 Yes 88 240 — — 
21 Yes B4 110 — — 
22 — 82 1-20 — — 
23 Yes 78 2:52* — — 
24 — 68 1:46 — — 
25 Yes 62 1:82 — — 





* Concentrations above therapeutic range. 


across the whole range seen in the study (62:5 ug on 
alternate days to 375 yg daily) and none showed signs 
of digoxin toxicity. Knowledge of plasma creatinine 
and potassium concentrations did not indicate that 
the proposed maintenance dose should be altered. 

АП patients in whom heart rate was thought to be 
less than optimally controlled (cases 1—6) were given 
an increased digoxin dose and the subsequent 
response was adequate. In no case did knowledge of 
the digoxin concentration lead to a change in the 
proposed management, even in case 3, in whom the 
initial concentration was in the therapeutic range. 

In one of the 19 optimally controlled patients 
(case 8) the finding of a digoxin concentration of 0-32 
nmol/l did alter management since despite a resting 
heart rate of 92/min on 125 ug daily the patient 
complained of mild palpitation; this was abolished 
when a daily dose of 250 ug was given and plasma 
digoxin was 0:95 nmol/l. 

Cases 3, 17, and 23 had concentrations just above 
the therapeutic range but all were well and remained 
so for at least another four weeks. 


Discussion 


Two centuries after Withering's report on digitalis? 
our small study further emphasises the importance 
of clinical observation in the use of digoxin. In only 
one patient in 25 (and one measurement in 32) did 
the knowledge of a plasma digoxin concentration 


influence management. Thus, in contrast to the situ- 
ation with anticonvulsants, which have a similarly 
narrow therapeutic ratio and fickle reputation, we 
cannot advocate widespread adoption of a same visit 
outpatient service for routine digoxin assay for 
patients with atrial fibrillation attending follow up 
clinics such as ours. 

Retrospective studies have suggested that while 
clinical judgement should remain the cornerstone of 
therapy with digoxin, knowledge of plasma concen- 
trations may assist when toxicity is suspected, when 
atrial fibrillation is refractory to a reasonable dose of 
digoxin, and when renal function is impaired.? In 
our study only five concentrations exceeded 1:5 
nmol/l, so it is not surprising that plasma digoxin 
concentration was not a useful indicator of toxicity. 
Initially we were surprised to find that no patient 
showed clinical evidence of toxicity; in the early 
1970s we would have expected to find that about 
25% of patients had evidence of digoxin toxicity.!$ 
A cautious dose selection policy was shown in the 
current study—42 of 68 similar patients described in 
1970 were taking more than 375 yg a day, the maxi- 
mum dose used in our study. 

Although we might have expected to find a know- 
ledge of digoxin concentrations useful in six patients 
who were “under-digitalised” at follow up, their 
management based on clinical information was satis- 
factory. Furthermore, four of seven patients with 
optimal heart rates but digoxin concentrations below 
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1 nmol/l had demonstrated benefit from digoxin. 
Cases 5, 6, and 8 had needed an increased dose of 
digoxin during the study and case 11 had a documen- 
ted fast ventricular response rate before digoxin was 
started. Modest doses of digoxin may result in very 
low plasma digoxin concentrations but some patients 
will still respond adequately. 

In view of our policy of cautious dose selection, it 
is not surprising to find that in our seven patients 
with moderate renal impairment no benefit was 
derived from a knowledge of plasma digoxin concen- 
tration despite the risk of toxicity. 

We do not of course deny the potential value of the 
rapid assay in apparently refractory atrial fibrillation 
or in patients with evidence of toxicity or where there 
is the suspicion of poor compliance. 

Our conclusion depends in part upon the current 
dose selection policy which is more conservative 
than that used 15 years ago; our data imply that this 
policy is reasonable provided physicians continue to 
apply their clinical senses with the diligence shown 
by Withering two centuries ago.? 


Savill, Mitchell, Wood, Krikler 
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Withering bicentennial celebrations 





The chairman and speakers at the William Withering commemoration meeting, 
and British Cardiac Society, held on 18 April 1985. 


organised jointly by the Association of Physiciay 


From left to right: CT DOLLERY, SV PERRY, SIR RAYMOND HOFFENBERG, PRCP, DG GIBSON 


WALITTLER, SIR MELVILLE ARNOTT 
H B BURCHELL, and T W SMITH. 


British celebrations 


On 18 April 1985 the Association of Physicians of 
Great Britain and Ireland and the British Cardiac 
Society held a joint meeting in Birmingham to com- 
memorate the two hundredth anniversary of the 
publication of William Withering’s An Account of 
the Foxglove. The chairman of the meeting was Sir 
Raymond Hoffenberg, PRCP, William Withering 
Professor of Medicine at the University of Bir- 
mingham. The sessional chairmen were Michael 
Oliver, Sir Melville Arnott, and Howard Burchell, 
and Sir Raymond, who presided over the final 
scientific session, the William Withering Lecture of 
the Royal College of Physicians, given by Colin 
Dollery (p 234). Speakers in the scientific sessions 
were Thomas Smith, Denis Noble, Victor Perry, 
Dennis Krikler, William Littler, Frits Meijler, Abe 
Guz, and Derek Gibson; last minute indisposition 


; D NOBLE, DMKRIKLER, A GUZ, FLMEIJLER, MFOLIVER 


prevented the participation of Charles Fisch 
Abstracts of the papers appeared in the British Hear 
Journal 1985; 53: 686-7 but do not include the con 
tributions of Littler, Meijler, Guz, and Gibsor 
which were part of a debate under the chairmanshij 
of Burchell. After the scientific proceedings, par 
ticipants gathered at Edgbaston Parish Church, i: 
whose yard Withering is buried, for an address b 
George Whitfield (p 253) and an orchestral recita 
This was followed by a reception at Edgbaston Hal 
Withering's old home, in whose grounds the fox 
glove still grows. 


American celebrations 


At its scientific sessions at Anaheim, the America 
College of Cardiology held a half-day meeting on | 
March 1985 to commemorate the publication of А 
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Account of the Foxglove , with Charles Fisch ав chair- 
man and Dennis Krikler as co-chairman. 
Eugene Braunwald delivered the American College’s 
William Withering Lecture entitled “Effects of car- 
diac glycosides on the contractility of the normal and 
failing heart". The papers presented at this meeting, 


Withering bicentennial celebrations 
together with other invited contributions, have been 
published as a supplement to the May 1985 issue of 
the Journal of the American College of Cardiology 
with Dr Fisch as guest editor. The flyleaf of the 
supplement is adorned by a colour photograph of 
Digitalis lanata by Frits Meijler. 
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Bicentenary of An Account of the Foxglove 


Historical address given at Edgbaston Parish Church, 


Birmingham* 


A G W WHITFIELD 
From the Unwersity of Birmingham, Birmingham 


In a period of less than 30 years’ practice William 
Withering achieved a reputation unsurpassed by any 
physician before or since. The very large gathering 
at his funeral in this church on 10 October 1799 and 
the mural tablet leave no doubt as to the high opinion 
in which he was held during his lifetime. A verse at 
his death may well have been thought euphemistic 
and sentimental: 

“Deep in the earth, the debt of nature paid 

The mortal part of Withering 1s laid 

And though-he seems to share the common lot 

Of those who perish and are soon forgot, 

His fame will never diel Each future age 

Instructed by the labours of his page 

Shall hail his honoured name with grateful praise 

And bards his skill record in tuneful lays 

Of wealth or power short is the transient state 

Whilst science soars above the reach of fate!” 

How prescient this unknown poet was, for here 
today, 200 years after the publication of An Account 
of the Foxglove, members of the Association of Phy- 
sicians of Great Britain and Ireland and the British 
Cardiac Society together with leaders in cardiology 
from abroad have spent five hours hotly debating the 
use of digitalis and a longer period honouring 
Birmingham’s greatest physician and its patron saint 
of medicine. i 

Each new drug goes through three major phases. 
In the first ıt is the cure for everything and it is 
criminal not to prescribe it; in the second it is so 
dangerous that it should be used only by experts, 
which of course excludes everyone but the speaker; 
in the third its sphere of usefulness becomes more 
clearly defined and control of dosage and other fac- 
tors help to minimise unwanted effects. Today has 
shown that digitalis, despite its double century, has 
not yet reached the haven of phase three. 

It is said that the major requirements for success 
in life are high intelligence, great energy, and an 
ability to establish and maintain harmonious 
*Grven on 18 April 1985 as part of the Wilkam Withering commemoration 
meetmg. 


relationships with everyone around. Withering’s 
intellectual excellence and capacity for work are 
beyond question; in fact 1t is difficult to know how a 
man suffering from progressive phthisis could cope 
with such a huge practice and so many other 
scientific interests including botany, chemistry, and 
mineralogy. What he lacked was the knack of getting 
on with all comers. In fact he needed no lessons from 
Whistler in “the gentle art of making enemies." But 
despite this he prospered; his scientific and profes- 
sional contribution was immense and his difficulty in 
personal relationships may in part have been due to 
his physical illness. 

He was the only son of wealthy parents, Edmund 
Withering the Wellington apothecary and his wife 
Sarah, who was the daughter of George Hector, the 
Lichfield general practitioner, and the sister of 
Brooke Hector, the Lichfield physician, and 
Edmund Hector, the noted Birmingham surgeon. 
William Withering had two sisters. The elder, Mary, 
is thought to have been mentally subnormal and died 
early; the younger, Sarah, never married. It can be 
seen therefore how William became spoilt and devel- 
oped personal qualities of the type we are now accus- 
tomed to see on the centre court at Wimbledon. 

When Withering left Stafford Mr John Eld, who 
was largely responsible for getting the infirmary 
built, and Mr Hughes the secretary could not have 
been kinder but Withering did his best to pick a 
quarrel with them. He undertook to travel weekly 
from Birmingham to the infirmary until his succes- 
sor was appointed, but the General Board arranged 
for his colleague at Stafford, Dr Campbell, to assume 
responsibility. After a petulant letter from Withering 
the Board let him have his way. 

Erasmus Darwin, of Lichfield, as well as being a 
most able and successful physician, was a very 
knowledgeable botanist and had an eight acre bota- 
nic garden at Abnalls. He had great influence and 
this secured for Withering the vacancy left in 
Birmingham by Dr Small’s death. He was a kind, 
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benevolent, and generous man and was anxious to 
help Withering in any way possible, and when With- 
ering was completing his book on British botany 
Darwin suggested that a short title such as “The 
Scientific Herbal", “Linnaean Herbal", or "English 
Botany" would help it to sell. Withering took offence 
at this suggestion and entitled it The Botanical 
Arrangement of all the Vegetables naturally growing in 
Great Britain. With descriptions of the genera and 
species according to the system of Linnaeus with an easy 
introduction to the study of Botany, an appellation by 
no means short! It was a poor effort being little more 
than a translation from Carl Linnaeus's Genera plan- 
tarum of the species found in Great Britain. The 
second edition in 1787-92 was a great improvement 
thanks to the generous help of Dr Jonathan Stokes, 
but Withering quarelled with him and they both 
called in solicitors to act for them. 

The rift between Withering and Darwin gradually 
became deeper and for this they were both to blame. 
Withering continued to nurse an imaginary grudge 
and Darwin began to retaliate. His brilliant medical 
student son Charles died at the age of 19 in Edin- 
burgh from septicaemia due to a dissecting room 
wound and Darwin published his prize essay and 
medical dissertation together with a biographical 
memoir and an account of five patients treated with 
digitalis. The description of the five patients was 
almost certainly not written by Charles but was 
added by Erasmus. It was the first published 
description of the therapeutic use of digitalis and it 
infuriated Withering who was preparing An Account 
of the Foxglove and regarded it as his discovery. In 
addition, early in 1785 Darwin gave a paper entitled 
“Ап Account of the Successful Use of Foxglove in 
some Dropsies, and the Pulmonary Consumption” 
and it was later published in Medical Transactions. 
Another publication in 1785 from the Lichfield Bot- 
anic Society comprised an English version of Lin- 
naeus’s Systema vegetabilium. It was dedicated to Sir 
Joseph Banks, the President of the Royal Society, 
and favourably reviewed in the Monthly Review. 
This provoked cries of protest from Withering to the 
Editor, Dr Ralph Griffiths, for Withering knew that 
the Lichfield Society consisted only of Darwin and 
two others, Sir Brooke Boothby and Mr William 
Jackson. 

The quarrel reached its height in 1788 when Mr 
Cartwright, a Wellington apothecary, called in both 
Robert Darwin, Erasmus’s physician son from 
Shrewsbury, and Withering to see the same patient. 
They did not meet but there was increasingly dis- 
courteous correspondence and criticism one of each 
other. Mrs Frances Houlston, the patient, was a suc- 
cessful purveyor of religious tracts and she had some 
febrile abdominal illness which Withering diagnosed 
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as hepatitis. Despite being fought over by two Fel- 
lows of the Royal Society and a third in the back- 
ground striving to manipulate the scene, the patient 
recovered and lived another 40 years. Perhaps the 
devil does look after his own. 

Though Erasmus Darwin’s conduct was by no 
means always correct he would have understood 
what Bertrand Russell meant when he said “I can’t 
think why he dislikes me. I never did him any kind- 
ness." 

Withering was fortunate in that he never had any 
financial worries. His parents were wealthy and he 
did not marry until a little over two years before he 
came to Birmingham and from the moment of his 
arrival his professional income was enormous. His 
first child, a daughter Helena, died when she was a 
little over a year old, though from what is not known. 
His second daughter, Charlotte, married Beriah 
Botfield when she was 28 and had but one child. His 
only son William took a degree at Edinburgh but 
confined his activities to publishing his father's 
memoir and republishing his books. The son lived at 
the Larches in Sparkbrook until 1820 when he 
moved to Wick House, Brislington, near Bristol 
dying there (not from overwork) in 1832 aged 56. His 
widow Lydia (neé Rickards) continued to live there 
until 1867, when she died from senile dementia aged 
82. There were no grandchildren and the name of 
Withering disappeared. 

When Withering first came to Birmingham in 
1775 he lodged with Mr Wheeley, a coachbuilder, at 
Number 10 The Square and had his consulting 
rooms at 9 Temple Row. Later he bought Number 
15 The Square and also on part of a nearby plot of 
land which he purchased he built the Stone House in 
Corbett's Alley. In 1786 he took a 14 year lease of 
Edgbaston Hall and Park from Sir Henry Gough, 
living there until six days before his death when he 
moved to the Larches in Sparkbrook, which he had 
bought earlier that year from Mr W M Humphreys 
then of Cheltenham. None of these houses could be 
described as humble cottages. 

In 1791 Edgbaston Hall was in grave danger of 
being sacked and burned by the rioting mobs. Many 
of its most valuable contents were moved into this 
church or elsewhere for safety and the assailants 
were bribed and plied with drink so that they became 
incapable of further action. Eventually the army 
arrived from Nottingham and quelled the riots but 
not before extensive damage had been done to houses 
in and around the city, but Edgbaston Hall itself 
escaped. Edgbaston Hall has stood on its present site 
since the Norman Conquest. It was destroyed during 
the Civil War but was rebuilt in 1717, the building 
being altered and modernised in 1852 by Sir Charles 
Barry. The reception after this service will be held 


Bicentenary of An Account of the Foxglove 


there and you will see that though it is now a golf 
clubhouse it is still quite an impressive building. 

Withering’s tuberculosis had been present for at 
least 23 years when he died: he suffered considerable 
fever, pleurisy, cough, and sputum, particularly dur- 
ing the winter, and in his later years he was much 
disabled by dyspnoea. He spent the winters of 
1792-3 and 1793-4 in Portugal in the vain hope of 
climatic benefit, and when he returned to Edgbaston 
Hall in 1794, with Matthew Boulton's help, he con- 
trived a form of air conditioning which kept the 
indoor temperature at about 65°F. In the winter he 
rarely went out and these measures undoubtedly 
prolonged his life. It is sad to think that among his 
many patients there must have been some who con- 
tracted tuberculosis from him but the infective 
nature of the disease, though suspected, was 
unproven until long after Withering's death. 

The famous portrait of William Withering by Carl 
Frederik von Breda was painted in 1792 when von 
Breda was in England as court painter. The original 
is in the National Gallery at Stockholm but an excel- 
lent engraving from it was produced by W Bond and 
appeared as a frontispiece in Miscellaneous Tracts 
and Ridley made another for Thornton’s collection. 
Many present here tonight will have seen the copy of 
the original painting in the Dean’s room at our med- 
ical school. It was presented by K D Wilkinson with 
a hanging brass plaque describing the donor as “Рго- 
fessor of Pharmacology and Therapeutics in the 
University of Birmingham 1929-47 at a salary of £25 
per annum." When A P Thomson became Dean, 


Wilkinson had died and the plaque so wounded АР» 
warm heart that he had it replaced by one which 
omits all financial details. 

What of Withering as a man? He was certainly 
highly intelligent and an obsessional worker. He had 
a breadth of scientific interest remarkable in a physi- 
cian with such a huge practice, and for a man so 
preoccupied with seeing patients he was a good hus- 
band and father even though he did not teach his son 
to work. Why he wanted such a large practice is 
uncertain. His motives may have been entirely altru- 
istic, but perhaps despite his comfortable financial 
circumstances he may have been imbued with a 
desire for greater wealth. He was certainly a difficult 
colleague, prickly and quarrelsome, and if he knew 
any amusing stories he kept them to himself. 

The two great eighteenth century midlanders, 
Withering, who worshipped in this church, and 
Samuel Johnson, who was a diligent attender at St 
Mary’s, Lichfield, and St Clement Danes in the 
Strand, were men of strong religious conviction. One 
cannot, however, imagine Withering capable of 
uttering the famous “scruples” prayer which typifies 
Johnson’s humility and endeared him to so many: 


“Enable me to break the chain of my sins, to overcome 
vain scruples and to use such diligence in lawful 
employment as may enable me to support myself and 
do good to others. O Lord forgive all the time lost in 
idleness; pardon the sins which I have committed, and 
grant that I may redeem the time misspent and be 
reconciled to thee by true repentance that 1 may live 
and die in peace.” 
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Withering and the foxglove: the making of a myth 


DENNIS M KRIKLER 


From the Cardiovascular Division, Royal Postgraduate Medical School , Hammersmith Hospital, London 


The bicentennial celebrations are prompted not by 
Withering’s original observation of the clinical value 
of digitalis in 1775 but rather by the publication of his 
detailed report 10 years later. This book is the source 
of the information on how he came to learn of 
digitalis.! As indicated elsewhere,’ the circumstances 
of his encounter with digitalis could not be more 
clearly set out, and alternative explanations seem 
redundant. Peck and Wilkinson? surmised that With- 
ering’s interest in digitalis arose after he had moved 
from Stafford to Birmingham, during the period 
when he returned to Stafford each week to keep an 
eye on patients until his successor arrived. They 
speculated that he had encountered a patient with 
dropsy, and that on a subsequent journey he inquired 
after her and discovered that she had done remarkably 
well on secret herbs. There is however no prior refer- 
ence to justify this statement, which can be looked 
upon as a harmless speculation. Roddis* had earlier 
recounted the story in exactly the terms used by 
Withering, but several years before this an alterna- 
tive explanation had been created. The origin of this 
vivid account has been difficult to track down, and the 
story entered medical awareness as the introductory 
note by Willius and Keys to their extract? from With- 
ering's book An Account of the Foxglove.' 

Where did Willius and Keys derive their informa- 
tion? They clearly state that the picture that they pub- 
lished was an imaginative rendering, as indeed it must 
have been, for it is said to depict Withering at the time 
of his “discovery” of digitalis (Figure), but in 1775 he 
was 34 years old, and in sound health; his chronic 
lung disease only became apparent 8 or 9 years later. 
Willius and Keys attributed the picture to Parke, 
Davis and Company, but the original painting is no 
longer in their collection, nor could it be found in the 
Detroit Historical Museum or in the Burton Collec- 
tion at the Detroit Public Library (J A Callahan, М 
Hensel, and H B Burchell, personal communication). 
Direct enquiries to Parke- Davis, now a division of the 
Warner-Lambert Company, did not at first yield the 
answer, but one of their senior staff soon chanced 
Requests for reprints to Dr Dennis Krikler, Cardiovascular Division, 
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upon a stack of 250 pictures of advertisements used by 
them between the late 1920s and the 1940s, only 100 
feet from his office (J А Controulis, personal com- 
munication). The picture shown in the Figure is the 
23rd in the series and was painted by Will Meade 
Prince in 1928 or 1929; while many in the set carry his 
signature in the lower right hand corner, this had 
been removed from the present picture as well as 
some others to provide what was considered to be an 
“appropriate fit for the advertising сору”. 

The enthusiastic text that accompanied the picture 
is of almost as much interest as the creation of the 
scene. Perhaps Will Meade Prince felt entitled to 
make Withering look older because he was under the 
impression that his scientific discovery was made in 
1785, but even then he would have been only 44. He 
is said to be handing over “golden sovereigns for the 
secret of the wayside flower" to Old Mother Hutton, а 
“Shropshire herb-woman" who had guarded her sec- 
ret jealously. Correctly, they mentioned the fact that 
digitalis had previously proved helpful when given to 
the Dean of Brazen Nose College, Oxford, for his 
dropsy. Though Withering himself mentions 20 or 
more herbs, the advertisement refers to 12. Though 
Withering, an expert botanist, had indicated that by 
glancing at the prescription he could see that the fox- 
glove must have contained the only possible active 
substance,! the advertisement more dramatically 
claimed that "after long and patient trial he found 11 
of them medicinally worthless. But from the twelfth, 
the purple foxglove, he obtained a powerful new 
drug. . . digitalis.” 

'Thus the name Old Mother Hutton, the creation of 
a copywriter, has crept in and become linked with the 
discovery of the medicinal properties of digitalis, and 
an interesting anecdote turns out to be an embellish- 
ment rather than an improvement on the story as 
given by Withering.! 

А relevant sidelight: soon after Parke, Davis & 
Company ran their series of historical advertisements, 
one of the original members of their present parent 
organisation, William R Warner & Company, 
adorned their physicians’ diary with historical foot- 
notes that provided many with their first exposure to 
famous names and events in medicine and surgery. 
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Figure Depiction by Will Meade Prince of William Withering exchanging golden sovereigns for the "secret recipe” held by “Old 
Mother Hutton" (published with acknowledgement to Parke-Davis , Morris Plains, New Jersey) 
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Plants and cardiac glycosides 


А HOLLMAN 


From the Cardiac Department, University College Hospital, London 


It is often asked why plants contain such remarkable 
compounds, sometimes beyond the practical reach of 
the synthetic chemist. What use are these com- 
pounds to the plant itself? Defence against predators 
is one answer although it has to be said that many of 
today's predators did not exist when the flowering 
plants, the angiosperms, evolved 80-100 million 
years ago. It has been shown for example that the 
methylxanthines in tea and coffee have static and 
cidal activity against insect pests.! 

Glycosides are usually compounds of plant origin. 
They are made up of one or more sugars combined 
with an alcohol, a phenol, or a complex molecule 
such as a steroid nucleus. The non-sugar moiety or 
aglycone is also called a genin. Because they do not 
contain nitrogen it is wrong to call them alkaloids. In 
addition to the cardiac glycosides with their cyclo- 
pentanoperhydrophenanthrene nucleus in the genin 
moiety there are other glycosidal plant substances 
such as the anthraquinone derivatives senna, rhu- 
barb, aloe, and cascara; saponins; cyanogenetic gly- 
cosides such as amygdalin from bitter almond; 
terpene and sterol glycosides; glycosidal dyes and 
pigments; and finally gums and tannins. The venom 
glands of the skin of the toad (Bufo) contain digitalis 
like compounds and this animal gives its name to that 
group of the glycosides which have a steroid skeleton 
of 24 carbon atoms (C34), the bufadienolides. A few 
plant glycosides also belong to this group, notably 
those from squill, but all others have a C,, skeleton 
and belong to the cardenolides group. 

The genus Digitalis is named after the shape of the 
flowers (digitus, a finger). Although ingenious.alter- 
natives have been proposed to explain the common 
name, foxglove, there is no doubt that this title does 
mean the glove of a fox. The genus comprises bien- 
nial or perennial herbs, or rarely small shrubs, with 
leaves which are simple, arranged alternately, and 
sometimes with the lowest leaves forming a rosette. 
They are natives of Europe, North Africa, and 
West Asia but not of China. The formerly named 
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D chinensis has been reclassified as Adenosma 
grandiflorum. The showy flowers are purple, yellow- 
ish brown, or white, carried in terminal racemes. 
The calyx has five equal lobes and there are four 
stamens. Other characteristics are variable and on 
the basis of these differences the genus is divided 
into twelve species and seven subspecies. The full 
taxonomy” of Digitalis is as follows: class, Angio- 
spermae; subclass, Dicotyledon; superorder, Aster- 
idae; order, Scrophulariales; family, Scrophularia- 
ceae; subfamily, Rhinanthoideae; tribe, Digitalideae; 
genus, Digitalis. D purpurea is the only species native 
to Britain. It is also found in Western Europe and is 
a complex polytypic species with at least three sub- 
species. The flowers are purple, pale pink, or white 
and being usually calcifuge it is rare in calcareous 
districts such as Cambridgeshire and the Jura. The 
species D lanata which comes from Hungary, Ro- 
mania, and the Balkan peninsula has white or yellow- 
ish white flowers with brown or violet veins and was 
introduced to Britain in 1789. This species is named 
after its characteristically downy flowers. Other 
species? include D obscura, D thapsis, D dubia, and D 
parviflora from Spain; D viridiflora and D laevigata 
from the Balkan peninsula; D lutea, D grandiflora, 
and D ferruginea from western, eastern, and south- 
ern Europe respectively; D leucophaea from northern 
Greece; D orientalis from the Levant; D sibirica from 
Siberia. 

The native glycoside is susceptible to hydrolysis 
by enzymes during the extraction process. The 
acetyl group and glucose are split off, but fortunately 
the partly hydrolysed glycosides such as digoxin and 
digitoxin are as biologically active as the parent com- 
pound. Were this not so the action of digitalis might 
never have been established since the native com- 
pounds were first isolated by A Stoll as late as 1935. 
The native compounds in D lanata are lanatosides A, 
B, and C which yield digitoxin, gitoxin, and digoxin 
(Table 1). D purpurea has purpurea glycosides А and 
B but no glycoside corresponding to lanatoside C. 
Digitoxin comes from D ferruginea, D grandiflora, D 
lanata, D lutea, and four varieties of D purpurea. 
Digoxin comes from D grandiflora, D lanata, and D 
orientalis. 
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Plants and cardiac glycosides 


It was the poisonous nature of other plants which 
contain cardiac glycosides which first drew attention 
to them not the typical chemical structure of the 
glycosides that they contain. In 1898 Lauder 
Brunton wrote, “various drugs stimulate the vagus 
roots in the medulla oblongata or the terminal end- 
ings of the heart itself ... many of the arrow poisons 
and ordeal poisons act on the heart in this way, 
among them are strophanthus, erythrophloeum, tan- 
ghinia, manganja, carravol, vao, oleander, squill, 
hellebore ...".* Many plants contain cardiac 
glycosides and some species contain up to six. One 
glycoside may be present in several species; stro- 
phanthidin for example is found in 10 genera from 7 
families. 

There are 36 cardiac genins of plant origin and 
they are divided into six groups according to their 
accompanying sugars. There is no obvious pattern 
for the occurence of glycosides in different plants. 





Digitalis purpurea (L) (Source: Curtis W, Flora 
Londinensis, Vol 1. London, 1777.) 


259 


They occur both in monocotyledons (for example 
Liliaceae) and in dicotyledons, and their geographi 
cal distribution is irregular, as is the distribution of 
other important plant medicines. For example, 
podophyllotoxin from which the anticancer drug 
etoposide is derived is found in two Podophyllum 
species, one from the Himalayas and the other from 
North America. Because the taxonomy of plants ac 
cording to their chemical composition is not full 
developed, the list of the families and their genera 
which contain cardiac glycosides given in Table 2 is 
based on the Linnaean classification.* 

A few glycosides and plants may be picked out for 
special mention. Ouabain, which is ineffective wher 
given by mouth, comes from the wood of Aco 
canthera schimperi, the Ouabaio tree, and also from 
the seeds of Strophanthus gratus. It is more familiar 
to pharmacologists than to clinicians, as is stro- 
phanthin K a glycoside mixture from Srrophanthu 





Digitalis lanata (Ehr) (Source: Lindley J. Digitalium 
monographia. London, 1821.) 
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Table 1 


Hollman 


Botanical sources and major chemical components of cardiac glycosides of clinical importance 


ааттанна еттин 





Plant Precursor Split off by Glycoside Split off by — Aglycone or genin 
source glycoside enzymatic acid hydrolysis* 
and mild 
alkaline 
hydrolysis* 
Digitalis 
D purpurea Purpurea-glycoside A Glucose Digitoxin Digitoxese (3) Digitoxigenin 
(leaf) (deacetyldigilanid А) . MERE 
Purpurea-glycoside B Glucose Gitoxin Digitoxese (3) Gitoxigenin 
ideacetyldigilanid B) 
— — Gitalin Digitoxose (2) Gitaligenin 
(gitoxigenin hydrate) 
D lanata Lanatoside А Glucose 4 Digitoxin Digitoxese (3) Digitoxigenin 
(leaf) (digilanid A) acetic acid ; . 
Lanatoside B Glucose 4 Gitoxin Digitoxose (3) Gitoxigenin 
(digilanid B) acetic acid 
Lanatoside C Glucose 4 Digoxin Digitoxose (3) Digoxigenin 
(digilanid C; acetic acid 
cedilanid) 
Strophanthus 
S kombé K-strophanthoside Glucose K-strophanthin-f Glucose + Strophanthidin 
(seed) (strophanthin) cymarose 
K-strophanthoside Glucose (2) Сутагіп Cymarose Strophanthidin 
K-strophanthin-B Glucose Cymarin Cymarose Strophanthidin 
— — Cymarol Cymarose Strophanthidol 
S gratus — — Ouabain Rhamnose Ouabagenin 
(seed) (G-strophanthin) (G-strophanthidin) 
Scilla {squill} 
Urginea Scillaren A Glucose Proscillaridin A Rhamnose Scillaridin A 


maritima or 
indica (bulb) 


* One mole of sugar or acetic acid is split off, unless the number of moles is otherwise indicated in parentheses. 
(From The Pharmacological Basis of Therapeutics. Goodman LS, Gilman A. 5th ed. Macmillan, New York, 1975. Reproduced by permission 


of the authors and publisher.) 


Table 2 Families and genera containing cardiac glycosides 





APOCYANACEAE 
Acokanthera 
Adenium 
Apocyanum 

Carissa 

Cerbera 

Nerium 
Strophanthus 
Tanghinia 

Thevetia 


ASCLEPIADACEAE 
Asclepias 

Calotropis 
Cryptostegia 
Gomphocarpus 
Menabea 

Pachycarpus 

Periploca 
Xysmalobium 


CELASTRACEAE 
Euonymus 


CRUCIFERAE 
Cheiranthus 
Erysimum 


LILIACEAE 
Bowiea 
Convallaria 
Ornithogalum 
Rohdea 
Urginea 


MORACEAE 
Antiaris 
Antiaropsis 
Castilla 
Ogcodeia 


LEGUMINOSAE 
Coronilla 


RANUNCULACEAE 
Adonis 
Helleborus 


SCROPHULARIACEAE 
Digitalis 
Isoplexis 


STERCULIACEAE 
Mansonta 


TILIACEAE 
Corchorus 





kombé seeds. Since the times of the ancient Egyptians 
and Romans, squill from the bulb of the white or 
mediterranean squill, Urginea maritima, has been 
used as a diuretic and expectorant (and in large doses 
as an emetic and purgative). It had fame as a constit- 
uent of Guy’s pill, in which it was combined with one 
grain each of prepared digitalis and mercury blue 
pill. Its active principles are scillarin A and B. Olean- 
drin is the glycoside in the mediterranean oleander 
or rose bay, Nerium oleander. This plant has caused 
accidental poisoning with heart block in Australian 
children (] B Hickie, personal communication), and 
people have died after eating food cooked on olean- 
der wood fires. Several glycosides come from the lily 
of the valley, Convallaria majalis. 

Gardeners will have already recognised the gen- 
eric names of the star of Bethlehem, wallflower, and 
Christmas rose, while gourmets will be relieved to 
learn that although the family Moraceae is included, 
the mulberry, Morus nigra, does not contain cardiac 
glycosides. Many large plant families do not have 
any members containing cardiac glycosides. One ex- 
ample is the family Rosaceae to which the hawthorn, 
Crataegus monogyna, belongs. This plant, however, 
contains a flavinoid glycoside which has a weak dig- 
italis like action. 


Plants and cardiac glycosides 





Urginea maritima (Baker) (Source: Redouté P J. Les 
Liliacées, Vol 2. Paris, 1805.) 


Anticipating by 100 years Pasteur’s dictum, **dans 
les champs de l'observation, le hasard ne favorise que 
les esprits préparés ...", it was certainly chance act- 
ing on Withering's prepared mind that gave Digitalis 
purpurea its scientific start in therapeutics, but many 
other species contain cardioactive principles and it is 
to be hoped that more will be discovered among the 
world's 250 000 species, unless the accelerating pace 
of tropical deforestation eliminates a species before 
we have studied it. 


I thank Mrs Gina Douglas, Librarian to the Linnean 
Society of London, for her help. 








Nerium oleander (L) (Source: Sibthorp J. Flora Gra: 
Vol 3. London, 1819.) 
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Cultivation and breeding of Digitalis lanata in 


the Netherlands 


C MASTENBROEK 


From the Stichting “Kruidentuin te Doornspijk” , Elburg, The Netherlands 


SUMMARY After the second world war Marshall Aid funds were used to establish a cooperative 
organisation for growing, drying, and selling Digitalis lanata (and other medicinal, aromatic, and 
culinary herbs) in the Netberlands. The crop is sown in mid April and the fully mechanised 
harvest of the leaves takes place from September to late November. The leaves are dried for 10—12 
hours at 50°С maximum. 'T'he aim of breeding trials is to improve leaf production, erect leaf 
attitude, resistance to Septoria leaf spot and to bolting, and a higher dry matter and digoxin 


content. 


Cultivation 


It is cheaper for the pharmaceutical industry to ex- 
tract digoxin from the dried leaves of Digitalis lanata 
than to synthesise the drug chemically. D lanata 
(Fig. 1a) is called the woolly foxglove because the 
calyx of the flower is thickly covered with white 
glistening slightly sticky hairs (Fig. 1b). Digitalis 
purpurea, which is native to north west Europe, was 
grown for the extraction of digitoxin until the medi- 
cal superiority of digoxin was demonstrated. Di- 
goxin only occurs in D lanata, which is not native to 
north west Europe; its natural habitat is south east 
Europe. 

After the second world war the Dutch government 
used some Marshall Aid funds to promote the culti- 
vation of D lanata (and other medicinal plants and 
aromatic and culinary herbs). Several cooperative 
drying plants were established; three of these are still 
active. They are situated in the north east, centre, 
and south east of the Netherlands. In 1984 230 hec- 
tares of D lanata were harvested and dried. Con- 
tracts with growers are arranged by the three 
regional drying factories and a central cooperative 
VNK (Verenigde Nederlandse Krudencooperatie, 
United Dutch Herb Cooperative) organises con- 
tracts with and delivery to the pharmaceutical indus- 
try. 

D lanata їз cultivated on peaty, sandy, and clay 
soils. The seeds are drilled in mid-April with 
machines adapted to sow very small quantities (2 kg 
per hectare) of tiny seeds. Germination is very slow, 
and it takes about two months before the seedlings 
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develop sizeable leaves. The leaves (Fig. 2) are har- 
vested from the end of September till the middle of 
November or even later, depending on weather con- 
ditions. Harvesting is completely mechanised. The 
mean yield of fresh leaves is about 30 tonnes per 
hectare. The freshly cut leaves are immediately 
transported to the drying factories. After weighing 
they are coarsely cut, washed to remove soil par- 
ticles, and dried for 10-12 hours at 50°C until their 
moisture content is 8-10%. The dried product, 
around 5 tonnes per hectare, is pressed into poly- 
ethylene bags (35 kg per bag) and exported mainly to 
the United Kingdom, the United States of America, 
Germany, and France. 


Breeding 


The growers, drying plants, and pharmaceutical in- 
dustry all have an interest in the improvement of the 
inherited properties of the species. Their various 
priorities are set out below. 


THE GROWERS 2 , 
The yield of fresh leaves is the basis for payment. 
The farmer wants to grow a variety that produces a 
heavy leaf canopy. The first step in breeding, there- 
fore, is selection of individual plants with many 
broad and long leaves. Until about 10 years ago the 
material cultivated had been obtained through natu- 
ral accession from a botanical garden and did not 
have outstandingly large leaves (Fig. 3a). Individual 
plants with larger than average leaves were selected 
and grown for their seed. In the next generation the 
plant type appeared to have been somewhat im- 
proved. Variation was still apparent and this was 
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Fig. 1 (a) Digitalis lanata in full bloom (photograph 
provided by Professor F L Meijler) and (b) woolly 
hairs on flower buds. 


again exploited for the selection of better plants. 
Selection over three consecutive generations has 
considerably improved the plant type (Figs. 3b and 
с). It should be borne in mind, however, that in a 
well established production field more than 1 000 000 
plants are competing for room, light, and nour- 
ishment, and this competition means that plants of 
the same genetic constitution will have a different 
appearance when they are grown in closed stands and 
as spaced plants in nurseries. The yields of individ- 
ual plants will also differ considerably according to 
their growing conditions; nevertheless there is evi- 
dence that selection has improved leaf yield by about 
15%. 

The leaf attitude of the original accession tended to 
be prostrate, and some of the lower leaves remained 
attached to the plant after harvesting (Fig. 4). The 
leaves left behind can only be used as green manure 
and represent a loss in income to the grower. An 
upright leaf attitude is therefore an advantage. Selec- 
tion has produced a plant type with a strikingly erect 
leaf habit. This improvement is more apparent when 
D lanata is grown in nurseries of spaced plants rather 
than in close stands in production fields. Plants with 
erect leaves will tend to produce a cleaner harvested 





product since the more upright the leaves are the les 
the driver of the cutting machine will be tempted t 
make a deep cut which harvests soil particles too 
Resistance to diseases makes measures to prevent o 
to check damaging attacks less necessary or ever 
superfluous. Thus when resistant varieties are grow! 
production costs for the same yield are lower. Ir 
commercial production only one fungus, Septor: 
digitalis (Fig. 5a), produces damage suffficient to ге 
quire chemical control. In comparative trials th 
fresh leaf yield of the very susceptible original acces 
sion was reduced by as much as 20°, between mid 
September and the end of October when chemical 
control was not used (Fig. 5b). Spraying twice dur 
ing the growing season costs about / 125 per hectare 
Selection of plants which have a high degree of nat 
ига! resistance to disease has produced a variet 
which does not need to be sprayed with fungicides 
Resistance to bolting is important because it save 
labour. Plants that develop stems with flowers and 
fruits in the first year are called bolters. Because th 
leaves contain much more digoxin than other parts of 
the plant, the raw material for extraction should con 
sist of leaves only. Growers should undertake to r« 
move bolters from their crops. This can only be don 
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Fig. 2 Mechanised harvest of leaf crop in commercial cultivation. 


by hand. Thus they prefer to cultivate a variety 
which does not have a tendency to bolt. Bolting is 
stimulated by exposure of the young plants to low 
temperatures. This encourages the plants to develop 
flowers. The amount of stimulation required to ini- 
пасе bolting depends on the plants natural re- 
sistance to bolting. Selection for this feature is not 
difficult. When seeds are sown in cold frames in the 
first days of April and the seedlings are transplanted 
at the beginning of June the percentage of plants that 
bolt (Fig. 6) is much higher than that found in field 
crops and in comparative yield trials which are nor- 
mally drilled around the middle of April. The exclu- 
sion from further selection of all bolting plants, 
including those in which bolting is only incipient, 
has produced a high level of resistance to bolting in 
only a few years. 


THE DRYING FACTORIES 

An upright leaf attitude produces a cleaner crop. 
Dry matter content—The cost of drying the leaves 

by means of natural gas is high. The mean dry matter 

content of the leaves is about 20°,,, and the moisture 


content has to be brought down from 80°, (or more 
if the product has been washed) to 8-10^,. An in- 
creased dry matter content reduces the cost of dry- 
ing. There is genetic variation in dry matter content 
between individual plants and their seed progenies, 
but non-genetic variation between individual plants 
caused by external conditions may also be large. This 
makes effective selection for this character rather 
difficult. Nevertheless, plants with a higher dry 
matter content have been selected. It is difficult, 
however, to combine a high dry matter content with 
a high yield of fresh leaves and a compromise is 
necessary. 


THE PHARMACEUTICAL INDUSTRY 

Digoxin content influences production costs. As long 
as the price of the raw materials is not related to its 
digoxin content, the pharmaceutical industry will 
benefit from an increased digoxin content. A de- 
crease in the content of compounds that resemble 
digoxin (63 glycosides have been found in D /anata) 
would also simplify purification. To select for a 
higher digoxin content individual plants are assessed 
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by paper chromatography. This is not a reliable 
method, but it is quick, simple, and cheap; and this 
is important since several hundred plants have to be 
tested in two to three weeks. In recent years samples 
of selections in yield trials have been investigated by 
high performance thin layer chromatography (Fig. 
7). The digoxin content of dried leaves of the variety 
now in cultivation is around 2:5-3:0 parts per thou- 
sand, which is about 50°, higher than the content of 
the original accession. 


BREEDING PROCEDURE 
Year 1—Selection of individual plants in spaced 
stands for characteristics described above in a nurs- 
ery under heavy Septoria pressure. Only about 20 
out of 10000 plants are retained for further testing. 
Year 2—Seeds are harvested from individual se- 





Fig. 3 (a) Plants of original accession 
(b) improved selection. (c) An 
individual plant. 





utstanding 


lected plants. 

Year 3—Seed progenies are tested for relevant 
characteristics in comparative yield trials (Fig. 8) ir 
two replicate plots on clay and sandy soil. About 1t 
of the better progenies are retained. 

Year 4—Repeated testing of 10 progenies as in 
year three. If one or two perform better than the 
standard over the two years, they are retained 

Year 5—Retained selections are sown for seed 
production. 

Year 6—Seed production. 

Year 7—Testing of seed progenies as in years 2 
and 3 but on more plots and at different harvest 
dates. If only one selection performs satisfactorily, 
will be used in commercial production from Year 8 
onwards, after which further seed multiplication wil! 
take place. 

A new selection cycle is initiated each year, start 
ing from progenies that are outstanding overall or for 
particular characteristics. 


Fig. 4 Recumbent leaves remain after harvesting. 


Seed production 


D lanata is self-fertile. The pollen is sticky, and 
selfing can be achieved by moving a small soft brush 
around inside the flowers. Flowers which have been 
treated in this way must be covered (bagged) to ex- 
clude bees and thus prevent cross pollination. 

In the breeding work that I describe, however, the 
plants are not bagged. Bees are allowed to cross pol- 
linate selected plants retained from year 1 for seed 
production in year 2. Plants with particular charac- 
teristics are grown in isolated plots to prevent cross 
pollination between groups. Seed production in year 
6 and in successive years also takes place in isolated 
plots and fields. 

Large numbers of bees are attracted by the glis- 
tening droplets of nectar at the bottom of the flower 
(Fig. 9). When the crop is in bloom bees carry the 
sticky pollen from plant to plant. This cross polli- 
nation produces heterogeneous progenies, and prog- 
eny produced by cross pollination of an outstanding 
plant is as a rule less outstanding than the mother- 
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Fig.5 (a) Leaf spot disease caused by Septoria digitalis and 
b) heavy damage in a susceptible variety. 


plant itself. The genetic contamination of out- 
standing plants can be prevented by raising several 
consecutive generations by selfing, but inbreeding 
depression may result. This has not so far been in- 
vestigated. 

Natural pollination by bees certainly brings about 
a high degree of inadvertent crossing between out- 
standing plants in year 2. Some of the heterogeneous 
plants produced may have new and favourable com- 
binations of genes. Such outstanding individuals can 
be selected in year 1 of each new selection cycle. The 
very best plants may be outstanding simply because 
they are cross bred. If this is true, it follows that 
genetic segregation in the sexual progenies is un- 
avoidable and that some genetic deterioration will 
take place. This may indicate that selection should 
continue to maintain the favourable inherited char- 
acteristics of the variety. Investigations into this 
question have been started, but it will take several 
years before a conclusion can be drawn. 

Seed production may be damaged by the grey 
mould Botrytis cinerea, a widely distributed fungus, 
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Fig. 7 High performance thin layer chromatography 
tograms showing a high peak in 23 digoxin in a selected vartet 
and in the standard 1 (TNO, Zeist, The Netherland 





Fig. 6 Bolting plants flower i 
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Fig. 8 Comparative yield trial. 
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Fig. 9 Bees bring about cross pollination 


which can attack the inflorescence of D /anata. In 
severe cases almost all the seed is lost. The fungus is 
only weakly pathogenic, but starting from dead 
flowers that remain stuck in the hairs on top of the 
young fruits or in the leaf axils, it may invade the 
stems. Growth of the fungus within the stem (Fig. 
10) causes all the seed in an attacked inflorescence to 
be lost. The attack is favoured by rain, high air hu- 


Fig. 10 
(left) and a Botrytis-diseased stem producing no seed (right). 


A healthy stem with fruits producing many seeds 


midity, and several days of high temperatures. D 
lanata has no natural resistance to this disease, but 
Ronilan (vinchlozoline) which was developed to con- 
trol the furgus in french beans is very effective in D 
lanata if it is sprayed once a week (or twice a week 
when conditions are moist and warm) during the 6-8 
week flowering period and once or twice after 
flowering. 
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Left ventricular aneurysm 
The Wessex experience 


DANIEL J M KEENAN, JAMES L MONRO, J KEITH ROSS, JOHN M MANNERS, 
NEVILLE CONWAY, ALAN M JOHNSON 


From the Wessex Regional Cardiothoracic Centre, Southampton General Hospital , Southampton 


SUMMARY One hundred patients with left ventricular aneurysms were operated on between Febru- 
ary 1973 and January 1983. The principal indications for operation were left ventricular failure їп 
58, angina in 23, both in 17, with arrhythmia and systemic emboli accounting for one case each. 
Eighty five had had anterior infarction causing 82 anteroapical and three lateral aneurysms, while the 
remainder had had inferior infarcts resulting in 14 inferior aneurysms and one lateral aneurysm. 
Coronary angiography detected a single coronary lesion in 46%. Three patients had aneurysmal 
plication and the remainder had aneurysmectomy. Eleven mitral valve replacements were per- 
formed. Forty patients underwent coronary artery bypass grafting with a mean number of grafts per 
patient of 1-4. The early mortality was 7% with no early deaths since 1978. The actuarial five year 
survival was 68%, and 82% of survivors are in New York Heart Association class І or IT (mean follow 
up three years). Left ventricular aneurysmectomy may be performed with a low operative mortality 


and good long term results. 


Since 1958 when Cooley et al first excised a left ven- 
tricular aneurysm using temporary cardiopulmonary 
bypass,! excision of the aneurysm and removal of all 
thrombus has become a standard procedure. Ап 
acquired ventricular septal defect may be closed and 
mitral valve surgery may be performed at the same 
time. Coronary artery bypass grafting is now per- 
formed on all significantly stenosed arteries that will 
not be excised with the aneurysm. Operative mortal- 
ity has varied between 0% and 1896375 and is gener- 
ally considered to be related primarily to the function 
of the residual myocardium.9 We reported our results 
in the first 20 patients in 1976,’ and we now analyse 
our experience in 100 patients. 


Patients and methods 


Between February 1973 and January 1983, 100 
patents (83 men, 17 women; mean age 56 years) 
underwent repair of a left ventricular aneurysm, 
which was defined as a non-contractile left ventricular 
segment that protrudes beyond the normal end sys- 
tolic and end diastolic outline of the left ventricle as 
Requests for reprints to Mr James L Monro, FRCS, The Wessex 
Regional Cardiothoracic Centre, Southampton General Hospital, 
Shirley, Southampton SO9 4XY. 
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determined by left ventriculography.?^ Myocardial 
infarction (83 anterolateral, two lateral, 15 inferior) 
had occurred a mean of 14 (SD 18) months before 
operation, and 11 patients had had multiple previous 
infarcts. The principal indications for operation were 
left ventricular failure alone (58), angina alone (23), 
and the combination of dyspnoea and angina (17). 
Ventricular arrhythmias were present in 10 patients, 
although this was the principal indication for apera- 
tion in only one. Recurrent systemic embolism was 
present in six, but was the sole indication for opera- 
tion in only one. Sixty six of those with dyspnoea were 
in New York Heart Association class IV with 43 of 
these receiving maximal medical treatment (at least 
250 mg frusemide daily, digoxin, and afterload reduc- 
tion). 

All were investigated by left ventriculography in 
two planes and coronary angiography. Left ventricu- 
lar end diastolic pressure was routinely measured and 
had a mean of 19-5 (SD 9.6) mm Hg. At angiography. 
82 of the aneurysms were anteroapical, 14 were 
inferior, and four were lateral. Residual ventricular 
function was graded by examination of the left ven- 
triculogram into good (42, moderate (44, or poor 
(14). Patients with globally poor left ventricular func- 
tion are not included in this series. 

The results of coronary angiography were available 
for analysis in 96 patients (Fig. 1}. Eighty four had 
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Isolated LAD —»,4: 
(41%) ` 


æ- LAD and other 
(47%) 


Isolated right —* 
(4%) 
Right and other ——» 
(4*.) 


Isolated circumflex (2*5) —» 


Circumflex and other (2*4) — —e 

Fig. 1 Results of coronary angiography in 96 patients. LAD, 
left anteriar descending coronary artery. 

occlusion or a major stenosis of the left anterior 
descending coronary artery. In 39 of these patients 
there were no other lesions, but in the other 45 
patients there were significant stenoses in other coro- 
nary arteries. In the remaining 12 patients who did 
not have lesions of the left anterior descending coro- 
nary artery the right and circumflex coronary arteries 
were equally involved. Patients were not excluded if 
their coronary artery lesions could not be revascular- 
ised. 

Mitral regurgitation was assessed both clinically 
and angiographically and it was present in 37 (3996) of 
the 94 patients for whom data were available. It was 
graded as severe (6%), moderate (15%), and mild 
(1896). Fourteen patients had an acquired ventricular 
septal defect associated with the aneurysm, which was 
anterior in seven and inferior in seven. These were all 
repaired at aneurysmectomy. Aneurysmectomy had 
to be performed within one month of infarction on 10 
occasions, and in eight of these there was an acquired 
ventricular septal defect. Two of these eight 
accounted for the only deaths in this group of very ill 
patients. 


Operative details 


Anaesthetic and cardiopulmonary bypass technique 
with a bloodless prime? was similar in all cases. Oper- 
ations performed since January 1978 have been done 
with cardioplegia and hypothermic perfusion.’ 
Intermittent cross clamping had been used before 
1978. Three patients operated on early in the series 
had plication of the aneurysm whereas the remainder 
had an aneurysmectomy. This involved excision of 
aneurysmal tissue that left only a rim of fibrous tissue. 
The defect was repaired with two layers of a non- 
absorbable suture over large strips of Teflon felt. If a 
coronary artery bypass graft was to be performed, this 
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was done after excision ot the aneurysm but before 
closure of the left ventricle. In this series a total of 56 
coronary artery grafts was performed on 40 patients 
(Fig. 2) It was our policy to graft any stenosed major 
artery supplying an area not be be excised. Eleven 
mitral valves were replaced with Bjork Shiley pros- 
theses, most (9) replacements were performed 
through the ventriculotomy—which avoided opening 
the left atrium. It was not possible to repair the mitral 
valve in any of our patients. Five patients required 
tricuspid annuloplasty and the left atrium was opened 
in a further patient to achieve a complete evacuation 
of clot from the heart. Acquired ventricular septal 
defects were repaired with a Dacron patch or Teflon 
felt. 


Aneurysmectomy 
td alone 


«3 Simultaneous coronary 
artery bypass graft 


—A—— 
„ ш 


No of patients 
or wm ч ф ~ 





Overall 
graft rate 


Mean No 
per patient 
Fig. 2 Temporal relation of operations performed . (Number on 
top of box is number of grafts performed per patient. Average 
number of grafts per patient was 1-4.) 
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Results 


Seven patients died within 30 days of operation. In 
one cardiac output became low at operation and this 
patient could not be weaned off cardiopulmonary 
bypass. Four died in the early postoperative period of 
congestive cardiac failure. At necropsy two cases 
showed evidence of a perioperative myocardial infarct 
and the remaining two deaths were caused by sudden 
arrhythmias. All of those who died within this period 
had moderate or poor left ventricular function and 
most had been shown to have multiple vessel coronary 
artery disease. 

Inotropic support was required in 46 patients for at 
least 24 hours and the intra-aortic balloon pump was 
used postoperatively in nine. Five patients had pro- 
longed left heart failure which responded to medical 
treatment and one required a permanent pacemaker 
because of complete heart block. Ventricular 
arrhythmias occurred postoperatively in 11 patients 
including the two who died of this cause. Twenty one 
had supraventricular tachycardia during this time. In 
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eight patients there was postoperative neurological 
impairment. This was transient in six. There was one 
instance of acute renal failure, which responded to 
conservative measures. 

Late mortality was studied by the actuarial 
method!® (Fig. 3). Sixty eight per cent of patients 
were alive at five years and 57% at seven. Actuarial 
survival was analysed for the different main present- 
ing symptoms. These were dyspnoea alone, angina 
alone, and dyspnoea with angina (Fig. 3b). Long term 
survival was much better in those presenting with 
angina alone. Analysis based on preoperative left ven- 
tricular function (Fig. 3c) showed that those with 
good function had an improved chance of survival, 
with 79% alive at five years compared with only 50% 
of those with poor function. 

At five years 70% of those with single vessel disease 
were alive compared with 65% of those with multiple 
vessel disease (Fig. 3d). At five years 69% of those with 
coronary artery bypass grafts were alive compared 
with 66% of those without. Neither of these differ- 
ences is statistically significant. Most late deaths were 
caused by progressive ischaemic heart disease; in 
many patients this was heart failure and in some there 
was good clinical evidence of further myocardial 
infarction. At review 1-11 years postoperatively 
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(mean three years) 8296 of the survivors were in New 
York Heart Association classes I and 1 (Table). In 
sharp contrast to the survival statistics, there was no 
significant association. between poor preoperative 
residual ventricular function and poor postoperative 
functional result. Six patients had postoperative car- 
diac catheterisation, most for persistent angina. їп aii 
of these the suture line in the ventricle was rep- 
resented by an akinetic area. In two patients false 
aneurysms developed at the site of the suture line as a 
late complication and these required reoperation. 


New York Heart Association classification at review, on 
average 36 months postoperatively . 





New York Association classification 








No (%) of patients 27 (36) 34 (46) 11 (1S) 





Discussion 


Left ventricular aneurysms may be expected to 
develop in at least 10% of those who survive large 
myocardial infarcts. The symptoms they give rise to 
vary according to size of the aneurysm and to the 
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Fig. 3 Actuarial analysis of survival (a) showing influence of coronary artery bypass grafting (CABG), (b) according to 
preoperative symptoms , (c) according to preoperative residual left ventricular function, and (d) according to extent of coronary artery 


disease. 
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presence or absence of other major mechanical conse- 
quences of infarction (mitral regurgitation, ventricu- 
lar septal defect), but the common presentation. is one 
of congestive cardiac failure and this was so in our 
series. In these circumstances congestive heart failure 
suggests the possibility of aneurysm, and the diag- 
nosis may be confirmed by echocardiography and left 
ventricular angiography. The plain chest radiograph 
is often misleading but can on occasion be diagnostic. 
Left ventricular aneurysms without symptoms have a 
good prognosis!! and potentially a survival rate as 
good as 9096 at five years. The outlook in patients 
with symptoms who are not surgically treated is poor 
(<50% survival at five years! !), but with surgery life 
expectancy in this group is significantly improved, as 
others have reported.?5!? Successful surgery also 
results in important symptomatic improvement 
(Table). The selection of patients for surgery is based 
on the functional state of the left ventricle and the 
potential ventricular cavity size once the aneurysm 
has been resected. Both may be very difficult to judge 
and the argument that a ventricle able to sustain life 
with an aneurysm should be able to do so better with- 
out it is not necessarily valid. In our series all seven 
patients who died soon after operation did so because 
their residual left.ventricular function was inadequ- 
ate, and we believe that the fact that there has been no 
early postoperative death in the past six years reflects 
careful case selection as much as improvement in 
technique and management. This Jow operative mor- 
tality (796) is in keeping with the results from other 
recently reported series.? 5 13 

Because left ventricular aneurysm is commonly 
caused by proximal occlusion of a single major coro- 
nary artery attention is naturally directed to the state 
of the other coronary arteries, which, all workers 
agree, should be assessed by angiography. It has been 
our policy, in all except the earlier cases reported in 
this series, to graft all arteries with significant sten- 
soses that supply areas of myocardium not affected by 
the aneurysmectomy and the subsequent suture line. 
This practice has not increased the operative risk; our 
experience is the same as that reported by the Texas 
Heart Institute? and the Cleveland Clinic$ and we 
intend to continue this policy. The effect of bypass 
grafting on longer survival after aneurysmectomy is 
difficult to assess. Actuarial survival curves for those 
with single and those with multiple vessel disease in 
our series are similar (Fig. 3d). Also, there is no differ- 
ence in actuarial survival between those who had and 
those who did not have coronary artery grafts (Fig. 3a). 
Here, one possible interpretation is that grafting con- 
verted those in whom the prognosis was worse 
because of multiple vessel disease into the same risk 
category as those in whom a single artery only was 
blocked. The suggestion that an aggressive approach 
to coronary grafting at aneurysmectomy is rewarded 
by longer survival!* has yet to be proved conclusively. 
Although only half our patients had multiple vessel 
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disease compared with a much higher proportion 
(75%) in recent series reported from the United 
Ѕтагеѕ,2 5 throughout our own series the number of 
patients having coronary artery grafts and the number 
of grafts in the individual patient have tended to 
increase. It remains to be seen whether this trend 
continues. 

In conclusion, despite the fact that haemodynamic 
measurements may show little improvement post- 
operatively, we believe that left ventricular aneurys- 
mectomy should be recommended in patients with 
symptoms, provided that remaining left ventricular 
function is judged to be adequate. Coronary artery 
bypass grafting should be carried out at the same time 
for all seriously narrowed vessels supplying viable 
muscle. These conclusions are based on the demon- 
strable symptomatic improvement and improved life 
expectancy which have been observed after surgery 
for this type of coronary heart disease. 
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Valvar prosthetic dysfunction 
Localisation and evaluation of the dysfunction using 
the Doppler technique 


COLETTE VEYRAT, S WITCHITZ, A LESSANA, A AMEUR, С ABITBOL, 
D KALMANSON 


From the Service de Cardiologie, Fondation A de Rothschild, Paris, France 


SUMMARY Thirty patients with 33 mitral or aortic prostheses or both were examined using the 
pulsed Doppler technique combined with cross sectional echocardiography to study the applica- 
bility of the Doppler technique in the diagnosis and evaluation of the severity of prosthetic 
dysfunction and to assess the ability of the mapping procedure to estimate the site and the size 
of the prosthetic defect. The dysfunction was valvar regurgitation in 29 instances and stenoses in 
eight, all of which were confirmed by invasive procedures. The severity of the dysfunction was 
graded on a three point scale. À control group of 73 subjects with 88 normal prostheses also 
underwent pulsed Doppler and cross sectional echocardiography. The pulsed Doppler study 
followed the usual procedure for a valvar disease including two and three dimensional mapping 
for regurgitation. Bight patients also underwent a continuous wave Doppler examination. 

The diagnostic reliability of the pulsed Doppler technique was >90%. The severity of the 
dysfunction was accurately assessed in 86% of cases. In the case of aortic regurgitation, mapping 
of the jets was performed as easily for prostheses as for native regurgitant valves. In the case of 
mitral regurgitation, the mapping patterns depended on the cause of the dysfunction. With valvar 
tears, a jet was detected at the centre of the annulus, and with paravalvar leaks eccentric atrial jets 
were seen opposite the site of the leak. 

The pulsed Doppler and the surgical findings correlated well for both the site of the dysfunction 
(16/20 (80%) patients) and the size of the leak (13/16 (81%) patients). 

Thus, despite some limitations, pulsed Doppler and particularly the mapping procedure pro- 
vide sufficient information to give an accurate non-invasive assessment of prosthetic valve dys- 
function. 


'The detection of prosthetic dysfunction is incom- 
plete with the usual non-invasive téchniques.! The 
limutations of echocardiography in examining bio- 
prostheses are fewer than with mechanical pros- 
theses,?? and echocardiography may be helpful in 
detecting left atrial thrombi* or abnormal kinetics.? 
Nevertheless, the results of echocardiography may 
be ambiguous in a number of cases. Phono- 
cardiography is sensitive? but does not provide any 
information on the extent of the dysfunction or its 
site. With the Doppler technique, Holen and Nitter 
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Hauge have shown that the transprosthetic atrio- 
ventricular gradient may be measured using the con- 
tinuous wave Doppler technique,’ and a few isolated 
cases of dysfunction have been reported using the 
pulsed or continuous wave Doppler technique ?? 
In addition, the pulsed Doppler technique makes it 
possible to grade the severity of the acquired valvar 
defect on the basis of velocity patterns?!91! or indi- 
ces of severity.!? 14 Moreover, the mapping pro- 
cedure helps in identifying the site of the dys- 
function. We applied this technique to determining 
the severity of the prosthetic dysfunction and to 
identifying its site. 


Patients and methods 


'The study population consisted of 30 patients (14 
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Table 1 
techmque 
Type of prosthesis 


Types of prostheses investigated with the Doppler 


Malfunctioning 
prostheses 


Normal prostheses 





Аогпс. 
Starr-Edwards 7 
Bjork 3 4 
Bioprostheses 3 
St Jude 1 
Miscellaneous 
Тош 14 38 


Mitral. 
Starr-Edwards 6 
Bjork 3 
Bioprostheses 9 
Gabbay Meadox 1 
Miscellaneous 
Total 19 
Tricuspid, 
Starr-Edwards 
Pulmonary 


нме ИМИ 
Тота! 33 


ы 


Bn 


women and 16 men, mean age 48 years) with 33 
malfunctioning prostheses (Table 1), in whom the 
prosthetic dysfunction was diagnosed by invasive 
procedures including left heart catheterisation with 
left ventricular cineangiograms or aortic root angio- 
grams or both (21 cases), or surgery (21 cases), or at 
necropsy (one case). The dysfunction was valvar 
regurgitation or obstruction, or both (37 instances, 
involving 38 causes since regurgitation was due to 
both a paravalvar leak and a valvar tear in one 
patient). Table 2 shows the cause.of the dysfunction 
identified at surgery or necropsy. Twenty patients 
were in sinus rhythm and six in atrial fibrillation; 
three had 1mplanted pacemakers and one incomplete 
atrioventricular block. 

A control group of 73 patients (38 women and 35 
men, mean age 54 years) were examined at the same 
time. They had 88 normally functioning prostheses 
(Table 1) on the basis of no cardiac symptoms 


Table 2 Type of prosthetic defects causing regurgitation 
or obstruction. Figures are number of defects 





Mural Aorne 
valve valve 
Regurgitation 
d egi leak 
5 2 
My to endocarditis 4 5 
Valvar lesion on bioprosthesis: : 
Primary 2 
Secondary to endocarditis 2 1 
Unknown origm* 5 4 
Obstruction 
Endocarditis vegetations 
Thrombus 2 
Fibrosis or calcifications 1 1 
Unknown origin* FEE 
Тош 23 15 





*Patients who did not undergo repeat surgery. 
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detected at clinical examination or by phono- 
cardiography and echocardiography. In 10 controls 
with transient equivocal clinical data a later invasive 
study failed to detect a prosthetic dysfunction. 


CLASSIFICATION OF THE DYSFUNCTION 

For patients who had undergone angiography the 
severity of the dysfunction was graded as mild, mod- 
erate, or severe.!! ^!? For patients who had under- 
goné repeat surgery the classification was based on 
the presence of vegetations, thrombosis or fibrosis or 
both, calcification (in the case of obstruction), valvar 
perforation (in the case of bioprostheses), and the 
extent of the annular leak in relation to the whole 
circumference of the prosthesis (mild, disruption of 
a few points; moderate, disruption equal to a quarter 
of the circumference; severe, disruption equal to a 
third of the circumference). The same classification 
was used for the findings at necropsy. : 


DOPPLER ECHOCARDIOGRAPHY 

We used a 3 MHz ATL 851 (Squibb Medical Sys- 
tem, Bellevue, Washington, USA) mechanical real 
time scanner, which provided a 90? sector and single 


gate steerable pulsed Doppler capability. The 


Doppler output could be presented as an audible 
signal, a time interval histogram, an analogue flow 
velocity trace, and a real time frequency spectrum by 
means of a fast Fourier transform analyser (Angio- 
scan) (Unigon Industries, Mount Vernon, New 
York, USA). The principles and characteristics 
of the instruments have been described else- 
where.!57 17 

For eight patients and 22 controls we also used a 
2 5 MHz continuous wave Doppler SONACOLOR 
CD (Carolina Medical Electronics, King, NC, 
USA). This instrument shows the positive or nega- 
tive Doppler shifts from the zero reference to 20 
KHz since the polarity may be switched. Real time 
spectral analysis is performed every 10 ms over a 
selectable frequency range to provide the equivalent 
of 256 band pass filters spaced at 100 Hz intervals.!? 
A thermal colour coded scale from red (weak signal) 
to white (strong signal) indicates the amplitudes 
within the spectrum. Audiosignals are also simulta- 
neously fed to stereo speakers. The pulsed Doppler 
signal may also be fed to the instrument for real time 
spectral analysis.!? One recording was made using a 
2 MHz continuous wave instrument (Alfred) (Pedof, 
Vingmed A/S, Norway). 

The procedures used for investigating prostheses 
with pulsed Doppler are similar to those already 
described for left sided valvar defects.?? For aortic 
prostheses, we recorded the aortic velocity traces 
from the suprasternal notch and in the left para- 
sternal long and short axis views (at aortic and left 
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Fig.1 Diagrams showing the calculation of the left 
ventricle outflow tract regurgitant index for assessing the 
severity of aortic regurgitation in a prosthetic aortic valve: 
the product of the length (L) and height (Н) of the 
disturbed area in relation to the regurgitant flow (dotted 
areas) in the parasternal long axis view (a) and of its 
width (W) in the parasternal transverse aorta short axis 
view (b) equals the left ventricle outflow tract regurgitant 
index. (c) Shows the entire aortic prosthesis in the 
transverse aorta short axis view for the diagnosis and 
evaluation of both stenosis and regurgitation (regurgitant 
aortic valvar area). S, septum; R or LVOT, right or left 
ventricle outflow tract; LA, left atrium; M, mitral valve; 
T, tricuspid valve; P, pulmonary valve; PW, posterior 
шай; AO PR, aortic prosthesis; L, Н, W, length, height, 
and width of the disturbed area in centimetres. 


ventricular levels) (Fig.1). For mitral prostheses 
(Fig. 2), we recorded the traces in (a) the long axis 
parasternal view using, if necessary, the manoeuvre 
recommended by Nishimura et al?! in order to trans- 
sect the prosthetic annulus in more than one longi- 
tudinal plane, (6) the short axis plane, paying partic- 
ular attention to the intermediary plane between the 
level of the aortic and mitral orifices, in order to scan 
the anterior part of the prosthetic ring, and (c) the 
four chamber view and, more rarely, the subcostal 
approach. 

When the continuous wave mode is used the angle 
0 between flow and the ultrasonic beam should be 
reduced as much as possible so we generally sited the 
probe in the suprasternal notch for aortic prostheses 
and at the apex of the heart for mitral prostheses.?? ?? 


Fig.2 Diagrams showing the calculation of the total 
regurgitant index in assessing the severity of mitral 
regurgitation in a mitral prosthesis. In (a) the length and 
height of the disturbed area in relation to the regurgitant 
flow (dotted area) are measured and the long axis 
regurgitant index calculated as 1/2 L x H. When the 
disturbed area is not followed from the centre af the 
prosthesis the length is considered to be equal to the distance 
of the farthest atrial disturbance from the piane of the 
annular prosthesis (dotted line). In (a) the prosthesis is 
drawn in perspective, whereas in (b) the heart is 
transsected along a single plane. The oblique line in (aj 
transsecting the left cavities corresponds to the level af the 
short axis plane used in (6) for the measurement of the 
width (W) of the regurgitant flow, which is the short axis 
regurgitant index. The total regurgitant index is equal to 
(1/2 Lx Н) xW. The apical four chamber view usually 
used to record the mitral flow velocity traces is not shown. 
( AO, aorta; MPR, mitral prosthesis; for other 
abbreviations see Fig. 1). 


VARIABLES STUDIED 

Pulsed Doppler— The aortic and mitral velocity 
traces were examined for both the presence or the 
absence of systolic or diastolic disturbances in all 
patients. !?!! In addition, we localised areas of 
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abnormal spectral display; in cases of regurgitation 
we localised the regurgitant jet in the left ventricular 
outflow tract for aortic prostheses and in the left 
atrium for mitral prostheses. We used the same crite- 
ria for the definition of an abnormal spectral display 
and the same techniques for mapping and measuring 


areas or jets or both and for calculating indices of 


severity as those previously reported.'*~ !* These 
calculations are schematically illustrated in Figs. 1 
and 2. In cases of mitral regurgitation, when an area 
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to a fast Fourier transform real time analyser (of a normal aortic prosthesis). 
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of systolic atrial disturbance could not be followed 
point by poin: from the atrium towards the pros- 
thetic annulus the length of the regurgitant jet was 
assumed to be equal to the distance between the 
farthest point of disturbance and the plane of the 
annulus in centimetres. We also noted the site of the 
atrial disturbance in the four chamber view in 
relation to the central part of the atrium and the atrial 
walls. 

The width cf the Doppler disturbances detected in 
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Cross sectional echocardiograms, (b) pulsed Doppler recordings with the signal fed to a zero crossing meter 


(A) shows the transverse aorta 


short axis view (the Doppler beam is shown as a white line | DB) and the gate as a white spot (G) at the level of the 


prosthesis). ( B) the parasternal long axis view (the gate is in the left ventricle outflow tract beneath the aortic valve; the 
spectrum consists of a line of clustered dots in both parts of the cardiac cycle), and ( C) the suprasternal approach of the 
ascending aorta (the gate is in the aorta). (b) (left and middle panels) shows two systolic deflections related to the opening 
and closing of the cusp and some transient early systolic minor broadening of the spectrum, which is shown as a thin line for 
the remainder of the cardiac cycle. The same pattern is for the real time spectrum analysis. (b) (right panel) shows one 
systolic positive ( S) and one transient negative in early diastole (К) with no more negativity in the remaining part of 
diastole. In this case, velocities reached 1:80 m/s as shown by the recording using continuous wave Doppler (c, right panel). 
Some segments of the venous pattern are superimposed on the arterial pattern with this equipment. DB, Doppler beam; G, 
gate; RPA, right pulmonary artery; LII, lead 1I of the electrocardiogram; PCG, phonocardiogram; S,, S,, first and 
second heart sounds; ТІН, time interval histogram; V, velocity trace; О, zero line; AO O, aortic orifice; PD FFT, pulsed 
Doppler signal fed to a fast Fourier transform analyser, CW, continuous wave Doppler; KHz, kilohertz; F+, F—, 
positive and negative Doppler shift; T, time axis (other abbreviations as in previous Figs). 
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the short axis view, representing the size of the leak, 
was expressed as a percentage of the circumference 
and compared with the surgical findings. 

Continuous wave Doppler—The blood velocities 
were calculated on the basis of 0:30 m/s for 1 KHz 
Doppler shift, assuming optimal alignment between 
the flow and the ultrasonic beam. The half pressure 
time and the pressure gradient were calculated when 
appropriate from the simplified Bernouilli equation: 
P,-P,=4V,, according to Hatle etal and Holen 
et al.?? 25 

Recordings were made either on a Sony videotape 
recorder with hard copies of real time imaging on a 
4633 Tektronics recorder, or on a Panasonics video- 
tape, with imaging using polaroid film. Simulta- 
neous electrocardiograms (lead II), phono- 
cardiograms, and M mode echocardiograms were 
usually recorded with the pulsed Doppler display on 


Fig.4 
mitral prosthesis. 





(a) Gross sectional echocardiograms, (b) pulsed Doppler recordings, and (c 
A) shows the parasternal long axis view with the gate at the annulus 


an IREX 101 (IREX, Mahwah, NJ, USA 
trace system. All recordings were performed by tw: 
independent observers and each of them reviewed 
the videotapes. There was no significant inter 
observer and intraobserver discrepancy between th: 
results (г = 0:95 and 0:97). The conclusions draws 
from the Doppler data were made independently 
from the results of the invasive procedures and wer 
performed by separate teams. 


multi 


Results 


NORMAL PROSTHESES (Figs. 3 and 4 

The Doppler technique did not show any abnormal 
ity in 85 of 88 prostheses. In the remainder mino: 
aortic (2) and mitral (1) regurgitation without an) 
measurable jet was not confirmed by other clinica 


"m— 
9 T" " vn 
„Км, 


real time analyses of a normal 


the Doppler Spectrum 


consists of a thin line of clustered dots; the same features would be recorded at the annulus in the short axis vieu 


В) the apical four chamber view 


the mitral flow velocity trace is recorded with its four constitutents) IC due to 


the isometric contraction and $ at or slightly above the zero line in systole and the two filling diastolic waves D and 
A (some frequency aliasing may be seen in early diastole, which 15 better shown in (c) bottom panel; (с) (тор 
panel) shows the continuous wave Doppler trace. ( Abbreviations as in previous figures 
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Fig.5 Recordings (as in Figs. 3 and 4) showing severe dysfunction of a Harcock bioprosthesis with stenosis and 
regurgitation. (a) Shows the transverse aorta short axis view (A), (a) (middle two panels) systolic disturbance (single 
arrow) at the site of the non-coronary (1) and of the right coronary (2) cusps (striped areas on (d)) related to fibrosis 
and calcifications as confirmed at surgery and (a) (right panel) diastolic disturbance ( twin arrows) at the site of the left 
coronary cusp (3) (dotted area on (d) ) owing to destruction of this cusp by an infective process. (b) Shows the 
parasternal long axis view ( B) (the gate is in the left ventricle) and (b) (right panel) diastolic disturbances ( twin arrows, 
dotted area); the regurgitant index is 20 (severe regurgitation). (c) Shows the suprasternal approach of the aorta (C), 


and (с) 


(right panel) both stenosis and regurgitation. The systolic pressure gradient calculated with the continuous wave 


was 40 mm Hg (moderate stenosis), which agrees with the pulsed Doppler assessment of severity at the level of the aorta. 


(PR, prosthesis, other abbreviations as in previous figures. ) 


investigations; one patient later had a normal angio- 
gram. 


DYSFUNCTIONING PROSTHESES (Figs. 5-7) 

The pulsed Doppler technique diagnosed 35 dys- 
functions out of 37. One false negative aortic 
obstruction was detected at necropsy and one case of 
mitral regurgitation was due to a valvar tear. Three 
paravalvar leaks were not identified in cases of regur- 
gitation (one mitral leak associated with a valvar tear 
and two aortic leaks). The sensitivity, specificity, 
predictive value, and accuracy were 94",, 96°,, 
92*,, and 96°, respectively. The evaluation of the 
severity of the dysfunction relied on the examination 


of the velocity traces in nine cases, including con- 
tinuous wave recordings in two cases of obstruction 
and on the determination of indices in 26 cases of 
regurgitation. There were three errors (one over and 
two underestimations). 

No abnormalities were detected with the mapping 
procedure for aortic regurgitant jets. In cases of 
mitral regurgitation, the long axis view showed sys- 
tolic disturbances at the centre of the annulus 
entailing a central atrial jet in the same plane and in 
the four chamber view in only five patients. Among 
the remain:ng patients, these disturbances were 
found only :n the left atrium away from the annular 
centre. In these patients the annular detection was 
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Fig. 6 
sectional echocardiograms, and (с) 


(a) Pulsed Doppler recordings (top and middle panels) and continuous wave recording (bottom panel), (b) cr 


angiogram showing a paravalvar leak on a mitral Gabbay Meadox prosthesis. (а 


Shows early systolic disturbance in the left atrium (arrow). The velocity of the regurgitant jet is 3 m/s as shown by the 
continuous wave Doppler (the Doppler shift has been artificially reversed and velocities related to the regurgitation ат‹ 
positive, although the probe is at the apex). (b) Shows these spectral disturbances at three sites: top, in the left atrium seen 
in the long axis view along the posterior wall; middle, at the centre of the posterior part of the annulus in the short axi: 
view; bottom, below the previous attachment of the posterior leaflet in the four chamber view (dotted areas shown by white 


arrows). The total regurgitant index is 2:5 (mild regurgitation). (c) Shows a discrete regurgitant jet at the inferior 


part of 


the annulus. At the time of the operation, there was a 8mm paravalvar leak at the centre of the previous area of insertion 


of the posterior leaflet. The patient underwent surgery because of severe haemolysis. 


assessed only in the short axis view. When the three 
approaches are combined the following Doppler fea- 
tures were noted for this group: five patients had 
posterior annular systolic disturbances in the short 
axis view, with some additional ones in the lower half 
of the atrium in the long axis view and near the 
external atrial wall in the four chamber view; six 
patients had anterior annular systolic disturbances in 
the short axis view, with some additional ones in the 
upper half of the atrium in the long axis view and 
towards the interatrial septum in the four chamber 
view. 

Table 3 shows the size of the annular ring and the 
width of the Doppler abnormalities in 13 patients 
with paravalvar leaks. 


Abbreviations as for previous figure 


The site of the dysfunction was confirmed at 
reoperation in 16 (80?,) of 20 patients (Table 4 
Paravalvar leaks were present along the previous 
attachment of the anterior mitral valve (three 
patients) and of the posterior valve (three patients), 
and they overrode the previous posterior 
patient) and anterior (one patient) commissures. In 
these two instances, Doppler detected only a poste- 
rior and an anterior site. For the aortic orifice, it was 
not possible to determine accurately the site of the 
disturbance in one patient with poor echo- 
cardiographic visualisation of the aortic annulus, 
although measurements could be performed. The 
Doppler technique detected two paravalvar leaks 
along the non-coronary cusp, one along the right 


one 
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(b) LII. 








TIH 


Fig.7 Recordings (as before) of obstructive dysfunction of a mitral bioprosthesis showing pronounced 

diastolic abnormalities using the four chamber approach ( (b) arrows). The continuous wave (CW recording 
shows increased early diastolic velocities approaching 2 mjs; mean value of pressure half time is 0-275. 

Surgery showed obstructive postinfective alterations and a thrombus filling the left atrium up to the annulus, 
Abbreviations as in previous figures 


coronary cusp and one overriding the previous com- One tear of the aortic left coronary cusp and two 
missure between the coronary cusps. In this patient, tears on the anterior (1) and posterior (1) mitral 
however, an additional minor leak along the non- cusps were detected by Doppler, which failed to 
coronary cusp was overlooked. detect posterior tear on another bioprosthesis. There 


Table 3 Comparison of pulsed Doppler and surgical findings for the size of the paravalvar leak 











Туре of prosthesis Ring diameter (mm Width of annular Leak) circumference 
at surgery Doppler anomalies 
тт Doppler (' Surgery* 
Mitral 
Bjork 31 28 28 1/3 
Bjork 29 15 16 L4 
Starr 30 30 31 1/3 
Starr 3 4 4 Minimal 
Bioprosthesis M 20 20 20mm 
Bioprosthesis 33 15 14 0:10 
Bioprosthesis 3 28 28 1/3 
Gabbay Meadox 29 10 10 8mm 
Aortic 
Starr 23 22 30 1/3 
Starr 23 19 26 14 
Starr 21 25 37 2 leaks (8 mm, 12 mm) 
Starr 23 20 27 1/3 
St Jude 25 10 12 6mm 


*Approximate size on the basis of visual inspection 


The difficulties КОРЕ by. non-invasive tech- 
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` Table 4 Surgical findings confirming the site of the 





prosthetic dysfunction $ 
SA cuc succ ND. CES 
do ND. mf Aortic Mural ` 
„prostheses prostheses 
Regurgitation.” — ^ - 
. ^ Site of paravalvar leak 4/5 6/8 
Site of vulvar ions on bioprostheses її 2{3 
Obstruction: . і | 
Site : - А - 2n- gH c 
px AAT. ES 


4 


were no discrepancies.i án: the results i іп ше cases-of 
obstruction. ` - 


Discussion 


ta + 


niques in evaluating prosthetic dysfunction are often 


` reported. "Nevertheless, many limitations apply 


equally to the invasive procedures in- the same сіг-' 
cumstances, ‘either because the association of two 
prostheses in a given patient does not allow hae- 
modynamic studies or "because repeat ‘cardiac cath- 
eterisation is refused by patients. In our study, endo- 


carditis was present. in'14 cases, which in most cases - 


caused regurgitation. When necessary; i in view.of the 


- severity of the dysfunction; these patients underwent : 
urgent surgery. The high incidence .of' dys- , 


functioning prostheses in our study in relation to the’ 
number of normal prostheses examined during the 
same period has, of course, no significance, since 
patients were referréd to our laboratory: from several 


- hospitals for Doppler examination. . 


As already stated in.a previous рарег,25 because of 
the technological limitations inherent in the pulsed. 
Doppler devices, particularly the Nyquist limit, we 
did not take into account the absolute velocities of 
flow traces but only their pattern and timing anoma- 
lies. For spectral ‘anomalies, diagnosis relied on an all 
or none analysis, and not'on the amplitude-of the 


'spéctral broadening, which ‘was ‘susceptible’ to 


Observer bias. Recent technological improvernents 


. tend to minimise these limitations. The colour coded * 
Doppler apparatus recently introduced, however, ' 
: does not solve all the problems raised by the 


quantification of ‘regurgitation оп prostheses mainly 
because of strong reverbération echoes.” In brief, 
although limitations exist in the use of single gated ` 
Doppler, these should not detract:from the value of 
the pulsed Doppler technique combined with cross: 
sectional конору. UC - 

NORMAL PROSTHESES тм - 
Postoperative i invasive studies are not routinely рет-. 
formed in healthy subjects - "with. Prostheses. Thus 
only a few subjects were studied t using invasive pro- 
cedures; ànd because of this the overall specificity 
should be с: with caution: Кокан; 


`уајуаг obstruction 
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this specificity is satisfactory for this small group. 
The.few false positive diagnoses might be accounted 
for by the greater sensitivity of Doppler in detecting 
minimal backflow on a prosthesis. The Doppler fea- 


. tures were similar to those previously reported.® ° 


Fig. 4 shows that-frequency aliasing may be present 
on normal prostheses. Flow velocities are frequently 
higher than those across a native valve, probably 


"because of the presence of discrete transprosthetic 


pou. gradients. 2829: 


DYSFUNCTIONING. PROSTHESES - 

The predominant’ dysfunction encountered in our 
study was valvar‘ regurgitation. The incidence of 
is now .lower because of ` 
improvernents in the hew generation of prostheses 
and the decreased incidence of thrombosis on bio- 
prostheses. ‘The diagnostic reliability of Doppler in 


‘our: study, which was similar to that obtained in 


studies of sterioses on riative valves, suggests that the 
pulsed-Doppler technique is applicable to the study 
of prostheses.’ The same applies to continuous wave 
Doppler, as previously reported by others." ? Never- 
theless, with the latter technique, the study of the 
half pressure.time:might be more sensitive than the 
increase in absolute velocities in detecting mitral 


- obstruction since these patients often have low car- 


diac output. -Low cardiac output is likely to be the 
cause .of the false negative diagnosis of aortic 
obstruction since it produced a normal aortic veloc- 
ity trace. The mapping of systolic disturbances at the 


` aortic orifice inight be more reliable but could not be 


performed in.one patient because of unsatisfactory 
echocardiograms. This emphasises that one of the 
advantages of using pulsed Doppler is its ability to 
identify the site of the dysfunction, Fig. 5 shows that 
each: cusp ôf a bioprosthesis may be the site of a 
different defect, each one requiring accurate 
evaluation.- ^ ES 
: Regurgitation is due to valvar tears in cases of 
bioprostheses and'to paravalvar leaks in cases of 
mechanical and biological valves. Ir our study the 


-mapping procedure using the long axis approach for 


- aortic’ prostheses. was as accurate as that used for 


native regurgitant valves. The diastolic disturbances 
were genérally detected immediately below the aor- 
tic orifice, either anteriorly or posteriorly in the 
outflow tract. depending on. the site of the regur- 

gitation. The calculation of the long axis regurgitant 
index caused overestimation in one patient with a 
mitral prosthesis and underestimation in one patient 
with a severely: dilated ventricle. In cases of-mitral 
regurgitation the findings differed considerably from 
those of native regurgitant valves. Regurgitations on 


`~ native mitral valves generate central systolic dis- 


turbances at the point of the leaflet's coaptation. 


282 


From this central point the jet is mapped point by 
point into the atrium.'* Surprisingly, this mapping 
pattern was rarely found on prostheses. Two 
patients with such findings underwent repeat 
surgery and both had a valvar tear on a bioprosthesis. 
Moreover, in both there was an unusual high pitched 
and musical tone, as already stressed in such cases by 
Sabbah er a/*° These findings might be a feature of 
valvar defects. 

On the other hand, the features encountered in 
patients with paravalvar mitral leaks were character- 
ised by eccentricity of the jet. The centre of the 
prosthesis was free of disturbances. In addition, the 
jet could not be mapped in its entirety from the 
annular plane to its farthest atrial point, and the 
disturbances, sometimes seen only in a parallel long 
axis plane, were found at a variable distance in the 
atrium, which meant that some points had to be 
extrapolated between the disturbed area and the 
annulus for measurement of the length of the jet. 
Some conditions might alter the features of para- 
valvar leaks that we observed. Figure 2 shows that 
the prosthetic annulus is transsected by the echo- 
cardiographic plane at two opposite points where the 
leak may, or may not, be located. In the first instance 
only can the eccentric jet be mapped in its entirety. 
Moreover, some important leaks might entail a 
regurgitant flow in the central part of the atrium. 
None of these situations occurred in our preliminary 
study. The conditions entailing an eccentric jet also 
apply to aortic leaks, in which, however, the regur- 
gitant jets are easily mapped. Reasons for that are 
unclear. Configuration and haemodynamics of the 
left atrium and ventricle are not similar, and the 
relation between chamber size and prosthesis is 
different. Furthermore, eccentricity of the jet 
increases with the diameter of the prosthesis. 

With the short axis approach, the detection of the 
Doppler anomalies had a three fold interest. It first 
led to quantifying the regurgitation on the basis of a 
three dimensional index, as already proposed for 
native regurgitant valves.'*'* Satisfactory grading 
was obtained because the three dimensional 
approach took into account the unusual features of 
some jets such as wide annular jets with limited 
upstream spread. Furthermore, provided that the 
mapping was performed at the actual site of the 
mitral and aortic orifices, this approach identified the 
site of the dysfunction with the same reliability as 
that for native valves.'? !? Finally, Doppler mapping 
in the short axis view represented a unique ability to 
compare Doppler and invasive measurements. 
Indeed, in the case of paravalvar leaks, when the 
examiner measures the width of the Doppler anoma- 
lies at the prosthetic annulus he actually assesses the 
size of the leak. This size may be expressed as a 
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Fig.8 Diagram of the anatomical relation of the heart 
valves showing the base of the heart, the atria having been 
removed. The anterior part of the prosthetic mitral annulus 
corresponds to the fibrous attachment of the previous 
anterior mitral leaflet, which involves for its anterior two 
thirds the left fibrous trigone, and for its posterior one third 
the right fibrous trigone. These relations need to be borne in 
mind when identifying the site of a dysfunction in a 
prosthesis because they explain, for instance, the 
preferential atrial direction of the jets due to mitral 
paravalvar leaks observed during the Doppler examination. 
( L and R TR, left and right trigone, other abbreviations as 
for previous figures. ) 


percentage of the whole circumference, since the 
prosthetic diameter is known, and correlated with 
the surgical findings, which are often based on the 
same calculation. The surgical assessment did not 
rely on accurate measurements but rather on visual 
inspection. Nevertheless, Table 3 shows that the 
Doppler estimation of the size of the leaks agreed 
with that found at surgery. This also applies to the 
size of valvar defects. Differences in flow dynamics 
between the Doppler and surgical investigations 
might explain some discrepancies. 

Furthermore, correlations with the surgical 
findings suggest that generally the areas of disturbed 
flow were almost opposite the site of the leak. For 
instance, regurgitation due to paravalvar leaks along 
the previous attachment of the anterior mitral valve 
spreads towards the upper atrial portion in the long 
axis view and towards the interatrial wall in the api- 
cal view and conversely (Fig. 6). Some inaccuracies 
regarding the leaks overriding the previous commis- 
sures will need further study. Some very small leaks 
may require repair because they cause severe dis- 
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turbance; sometimes they are difficult to detect at the 
time of operation. The use of the Doppler technique 
is crucial for their localisation. For this purpose, 
reference to standardised anatomical landmarks, 
such as the previous attachment of valves and com- 
missures, is recommended to achieve better cor- 
relations. The Doppler examiner should always keep 
in mind the anatomical relations of the cardiac 
orifices, as shown in Fig. 8, when locating a defect. 


LIMITATIONS OF THE METHOD 

Low cardiac output, poor postoperative echo- 
cardiographic visualisation, and weak signal to noise 
ratio are well known factors that might produce false 
negative diagnoses or underestimations or both. The 
presence of a mitral prosthesis, mitral valve disease, 
or an irregular heart rhythm might make the mea- 
surement of aortic jets in the left ventricle difficult. 
Errors might be introduced into results when some 
measurements have to be extrapolated, but this was 
not a source of error in our study. In addition, poor 
lateral resolution is likely to be the cause of inaccu- 
rate measurements. Two closely associated defects 
causing the same disorder, such as a leak and a valvar 
tear, make diagnosis difficult. In one case of mitral 
obstruction due to prosthetic fibrosis we overlooked 
an additional cause, which was an atrial thrombus. 
The multigate Doppler technique might lead to 
more accurate information in such cases. Failure to 
map the eccentric jet in its entirety in the case of 
mitral leaks is, in fact, due to the inability of the 
present equipment to display the disturbed flows in 
athree dimensional frame and should be overcome in 
the future. 


The work was partly supported by grants from 
CNAMTS and the ARNTIC Research Association. 
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Active pacing: 
varying the pacing rate 
in response to body activity 
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Ahealthy heart varies its rate naturally in response to body 
activity. Active pacing imitates the natural response ofa nor- 
mal heart by varying the pacing rate in accordance with the 
duration and intensity of body activity. 

Patients can return to a normal life certain that their pulse 
rates will adapt as needed. 

Patients will have a greater freedom of movement with 
Medtronic’s first rate-variable single-chamber pacemaker: 
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the Activitrax™. 



































Activitrax” 
active pacing 
in a single-chamber 
pacemaker 


Activitrax™ paces at 
rates varying from 60 to 150 
ppm, so each patient can be 
sure that the pacing rate will 
always be just right for cur- 
rent body activity: mini- 
mum rate during sleep, 
increasing with activity dur- 
ing the day, and reaching 
the maximum programmed 
level during intense physical effort. Activitrax™ varies its pac- 
ing rate in a similar manner to the normal heart as body activ- 
ity increases or decreases to allow the patient to lead a more 
active life. 

Activitrax™ offers all the advantages of single-chamber 
pacing, with the additional feature of pulse rate-variation with 
physical activity. 








Activitrax: 
easy to implant, 
easy to program, 
easy to interogate. 





Implanting Activitrax'" is just like implanting any other 
single-chamber pacemaker. With only one lead to position, no 
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special surgical procedures are required. Activitrax™ is very 
simple to program and interrogate thanks to the Medtronic 
Model 9710 programmer, designed to make the physician's 
work easier and save time (Memory Mod™ cartridge de 
real-time telemetry, Marker Channel" system, etc.). 
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Balloon valvuloplasty and angioplasty in congenital 
heart disease 


GRAHAM AH MILLER 
From the Brompton Hospital, London 


SUMMARY Balloon dilatation valvuloplasty was performed in 16 patients with pulmonary valve 
stenosis aged 10 days to 17 years. Gradients were reduced in all but two patients and were <20 
mm Hg after the procedure in all but these two and one other. Unsatisfactory initial results in 
these three patients were attributed to the use of too small a balloon in one patient (gradient 
subsequently abolished at repeat valvuloplasty), to a dysplastic valve in a neonate, and to the fact 
that there had been a previous surgical valvotomy with scar tissue formation in one patient. The 
good result was retained in six of seven patients followed up at three to six months. In one the 
gradient, having been reduced from 60 to 18 mm Hg, had risen to 35 mm Hg. Repeat valvuloplasty 
was technically impossible in this patient, but in two others residual gradients of 24 and 22 mm 
Hg were reduced to 4 and 8 mm Hg respectively by repeat valvuloplasty. Balloon dilatation 
angioplasty was successful in dilating a severe stenosis at the lower limb of an atrial baffle (previous 
correction of complete transposition) and in dilating supravalvar stenosis of the pulmonary artery 
resulting from previous banding and debanding. 

Thus balloon pulmonary valvuloplasty, though still a new technique, appears to be the treat- 
ment of choice in patients with typical pulmonary stenosis and thin mobile valves. Patients with 
dysplastic valves may be less suitable candidates for the procedure. Balloon angioplasty is likely 
to have other applications, including the treatment of postoperative stenotic lesions. 


In 1982 Kan and coworkers reported the first use of 
percutaneous balloon valvuloplasty for the success- 
ful treatment of a patient with pulmonary stenosis.! 
Since that time the same group has reported details 
of 20 patients treated in this way with follow up data 
at two to 12 months in піпе,2 and Lababidi and Wu 
have reported equally promising results with the 
procedure in another 18 patients.) This report 
describes a personal experience of 16 patients with 
pulmonary valve stenosis treated by percutaneous 
balloon valvuloplasty. Data from repeat cath- 
eterisation three to six months after the procedure 
are available in seven of the patients. 

Percutaneous balloon angioplasty has been used 
for the treatment of other congenital cardiac mal- 
formations including aortic coarctation and hypo- 
plasia of pulmonary arteries.** I have used balloon 
angioplasty for the successful treatment of two post- 
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operative complications: stenosis of the lower limb of 
an atrial baffle in a patient with previous correction 
of complete transposition and residual supravalvar 
pulmonary stenosis after debanding. Details of these 
two patients are also reported as these appear to be 
promising new applications of the technique. 


Patients and methods 


TECHNIQUE 

'The technique of balloon valvuloplasty has been 
described.! ? The technique involves several steps. 
Firstly, percutaneous cannulation of a femoral vein 
(preferably the right) is performed. Ап end hole 
catheter (for example, Goodale-Lubin) is then 
passed into a pulmonary artery (preferably the left) 
and a guidewire advanced through this catheter until 


its tip is well out into the lung field. The catheter is 


then withdrawn while the position of the guidewire 
in the pulmonary artery is maintained. The balloon 
catheter is then advanced over the guidewire until 
the pulmonary valve is midway between the radio- 
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opaque markers, which indicate the proximal and 
distal limits of the balloon. The balloon is then 
inflated with dilute contrast medium under pressure 
for approximately 20 seconds causing the pulmonary 
valve to rupture. The balloon is then deflated using 
negative pressure. This inflation is usually repeated 
once or twice during which time any air still in the 
balloon is aspirated into the inflating syringe. 

The technique is simple and balloon valvuloplasty 
with preoperative and postoperative angio- 
cardiograms and pressure measurements can be 
completed in 20-30 minutes. It may be useful, how- 
ever, to describe the solutions to some of the prob- 
lems that may be encountered. Firstly, an 18 mm 
balloon catheter (Medi-tech) (Medi-Tech Inc, 
Watertown, Mass 02171, USA) requires a No 10 
French gauge (split) introducing sheath (Vygon, BP 
7-95440, Ecoven, France); in practice I have found 
that it is often possible to advance these catheters 
directly through the skin incision without using an 
introducing sheath. Previous use of a No 9 French 
gauge vessel dilator will facilitate this. The initial 
skin incision must be of adequate size—5 mm or so. 
An assistant presses on the skin incision at the stage 
when the end hole catheter (together with any intro- 
ducing sheath that was used) has been withdrawn 
and the balloon catheter is being threaded over the 
guidewire since there will be bleeding at this time. 
Secondly, it is important that the balloon be centred 
on the pulmonary valve. If the balloon is too prox- 
imal or too distal it may advance (or retract) itself 
during inflation without rupturing the valve. It is 
remarkable how much of this large balloon can be 
accommodated in the pulmonary arteries distal to 
the valve. As viewed with anteroposterior screening 
it may be difficult to appreciate that the balloon is 
wrongly positioned, and for this reason the practice 
in this hospital is to perform biplane angiography 
before balloon valvuloplasty. The position of the 
valve is marked on the lateral video monitor, and, 
provided that the patient's position is not changed, 
the balloon is correctly positioned using lateral 
screening as an aid (Fig. 1). It is important to use a 
balloon whose inflated diameter is slightly larger 
than the diameter of the valve ring. The diameter of 
the valve ring is measured from lateral angio- 
cardiograms using the known diameter of the angio- 
graphic catheter to obtain the magnification factor. 
Where a previous angiographic study has been per- 
formed this measurement is used to select the appro- 
priate balloon size. In patients between the ages of 1 
and 7 years, however, I have found the valve ring to 
be between 12 and 16 mm in diameter; the 18 mm 
balloon has been effective in all patients and is there- 
fore used routinely in those over the age of 1 year 
without previous measurement of the angiograms. 
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Fig.l Lateral angiogram showing the inflated angioplasty 
balloon positioned across the pulmonary valve. The valve is 
causing an indentation in the balloon, which disappears 
when the valoe ruptures. 


Results 


PULMONARY VALVE STENOSIS 

Balloon valvuloplasty was performed in 16 patients 
aged between 10 days and 17 years (Table). Pre- 
operatively, right ventricular systolic pressure 
ranged between 37 and 87 mm Hg (mean (SD) 
64(15) mm Hg) and pulmonary valve gradients 
between 19 and 71 mm Hg (mean 43(14) mm Hg). 
After valvuloplasty a satisfactory result (mean gra- 
dient after valvuloplasty 18 mm Hg) was obtained in 
all but three patients (cases 2, 4, and 5). With the 
exception of these three, gradients were reduced to 
<20 mm Hg (Fig.2). Seven patients were 
recatheterised between three and six months after 
valvuloplasty; the good result was maintained in all 
but one (case 6), whose valve gradient had risen to 35 
mm Hg (having originally been reduced from 60 to 
18 mm Hg). Attempted repeat valvuloplasty in this 
6 month old infant was frustrated by failure to 
advance an 18 mm balloon into the pulmonary 
artery. Repeat valvuloplasty was successfully per- 
formed in two other patients (cases 4 and 9) reducing 
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Table Angiographic data before (A) and after ( B) balloon valvuloplasty, at follow up ( C) , and after repeat valvuloplasty 


( D) in patients with pulmonary valve stenosis 











od Age Sex RV systolic pressure (mm Hg) RV to PA peak systolic gradient Duration of 
No = Follow ap 
A B C D A B C D {months 
1 3 yr F 87 33 28 — 68 13 5 — 6 
2 3 yr M 85 53 — — 71 41 nis ~ = 
3 2yyr Е 50 23 28 = 33 3 8 = 5 
4 llyr F 45 69 47 28 30 54 24 4 4 
5 10d M 58 55 — MS 33 41 — Lp Ee 
6 6mnth M 85 45 50 — 60 18 35 ~ 3 
7 6 yr M 60 45 30 — 42 18 20 — 3i 
8 2 уг M 64 32 40 — 50 18 20 — 3 
9 7 yr M 73 33 50 28 53 18 22 8 3 
10 4 yr M 60 40 -.- — 35 11 — 5 = 
11 2} уг M 37 31 — — 19 7 — - — 
12 9mnth M 50 28 = — 33 4 — — Е 
13 2 yr M 75 55 — — 42 20 — — — 
14 4 yr M 65 33 — 47 8 аө des А 
15 5 уг M 56 26 — — 40 9 = ЕЕ o 
16 lyr Е 70 30 — = 37 7 Sess a а 
Mean (SD) 63-8 (14-7) 39-4(12-9) 39-0(10-2) 28 43-3(14-2) 18-1(48) 19-1(10-1) 6-0(2-8) 
КУ, right ventricular; PA, pulmonary arterial. 

80 valvuloplasty was less than totally successful was 
aged 3 years and had had a previous surgical 
valvotomy for critical pulmonary stenosis as a neo- 

~ 60 x nate. The gradient was reduced from 71 to 41 mm 
£ Hg. Finally, in the third patient (case 4) the gradient 
Е actually rose from 30 to 54 mm Hg. In this patient 
X 40 the diameter of the valve ring was 15 mm; a 10 mm 
© balloon was used at the initial valvuloplasty. Four 
8 months later the gradient was found to be 24 mm Hg 
20 224 апа а second valvuloplasty was performed using an 
CMM 18 mm balloon. The gradient was therby reduced to 

pco i 4 mm Hg. 

9 r T : RELIEF OF BAFFLE STENOSIS 
Before After Follow up Repeat a e us AN" 

valvuloplasty (3-6mth) valvuloplasty Surgical correction of complete transposition (Mus- 


Fig.2 Transverse gradients before and after balloon val- 
vuloplasty and at follow up (3-6 months) in patients with 
pulmonary valve stenosis. The final gradients after repeat 
valvuloplasty at follow up in two patients are also shown. 
Bars denote mean (SD). 


residual gradients of 24 and 22 mm Hg to 4 and 8 mm 
Hg respectively. 

The first of the three patients with an 
unsatisfactory initial result was the youngest patient 
(case 5) in our series, who presented at 10 days of age 
with critical pulmonary valve stenosis and a dys- 
plastic valve. After valvuloplasty the valve gradient 
rose from 33 to 41 mm Hg. Surgical valvotomy was 
then performed when it was found that, although the 
valve had been split, an intimal tear in the pulmonary 
artery had resulted in haematoma formation and 
therefore continuing (supravalve) pulmonary steno- 
sis. The second patient (case 2) in whom 


tard’s operation) had been performed in one patient 
at the age of 11 months using a baffle of bovine 
pericardium. Signs of inferior caval obstruction lead 
to recatheterisation at the age of 2'^ years. There was 
severe stenosis at the lower limb of the baffle and 
most of the lower body venous return was via the 
azygos system to the superior vena cava. Mean pres- 
sure in the inferior vena cava was 16 mm Hg and 
there was a mean gradient of 11 mm Hg between it 
and the systemic venous (left) atrium. Progressive 
dilatation of the stenosis was achieved using a 10 mm 
and then an 18 mm balloon. After the procedure the 
mean gradient had been reduced to 4 mm Hg and 
there was considerable angiographic improvement 
(Fig. 3). 


RELIEF OF SUPRAVALVAR PULMONARY STENOSIS 
One child had had a persistent ductus closed and had 
had pulmonary artery banding for ventricular septal 
defect in infancy. At 3 years of age the defect had 
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Fig. 3 
and after (b) balloon angioplasty. 


been closed and the pulmonary artery debanded. He 
presented to our hospital at the age of 6 years with 
signs and echocardiographic findings suggesting 
significant residual stenosis at the site of the band. 
Catheterisation showed a gradient of 23 mm Hg 
between proximal and distal main pulmonary artery. 
Balloon angioplasty (18 mm balloon) reduced the 
gradient to 3 mm Hg with improved angiographic 
appearances. 


Discussion 


That excellent relief of typical pulmonary valve 
stenosis can be achieved by balloon valvuloplasty is 
now well established.’ ? It has yet to be established 
which, if any, patients are unsuitable candidates, and 
we do not yet know what will be the long term results 
obtained by this attractive technique. The patients 
reported here all had mild or moderate pulmonary 
stenosis; all had gradients of < 100 mm Hg. Six of 
the patients, however, reported by Lababidi and 
Wu? and two of those reported by Kan etal? had 
gradients > 100 mm Hg and still had a significant 
reduction in the gradient—though some had residual 
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Case 17: angiograms showing severe stenosis at the lower limb of an atrial baffle (Mustard’s operation) before (a 


gradients of 35 to 82 mm Hg. Thus it would seem 
well worth attempting balloon valvuloplasty even in 
severe pulmonary stenosis, though a completely sat- 
isfactory result may not always be obtained. Of the 
three patients reported here who had an 
unsatisfactory result, one was due to the use of too 
small a balloon; the gradient was effectively abol- 
ished at a second study when a balloon of diameter 
slightly larger than that of the valve ring was used. 
Of the other two, one had had a previous surgical 
valvotomy and one was a neonate with a dsyplastic 
valve. Kan ега! report one patient with a dysplastic 
valve in whom the benefit of (repeated) valvuloplasty 
was not maintained,” and it may therefore be that 
patients with dysplastic valves or valves rendered 
dysplastic by previous surgery and scar tissue will be 
found to be less suitable for valvuloplasty than those 
with typical pulmonary stenosis and thin mobile 
"doming" valves. That balloon valvuloplasty can be 
successfully applied to neonates with critical pul- 
monary stenosis has been reported by Tynan et al," 
while at the other end of the age spectrum it has been 
successful in relieving pulmonary valve stenosis in a 
patient aged 59" and was successful in a 17 year old 
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patient here. The procedure appears to be ideal 
treatment for patients with only moderate pul- 
monary stenosis in whom the disadvantages of 
surgery, cosmetic and otherwise, may outweigh the 
advantages. This would not be the case, however, if 
the procedure is shown to have an appreciable com- 
plication rate. In the present series the only compli- 
cation occurred in the neonate with a dysplastic 
valve. The femoral vein was patent and easily cannu- 
lated in all of the patients who were recatheterised 
one to six months later. Neither Lababidi and Wu? 
nor Kan et al? reported any complications other than 
the inevitable bradycardia and hypotension that 
occurs while the balloon is inflated. Nor did these 
authors detect the appearance of an early diastolic 
murmur in any of their patients either immediately 
or at follow up; this has been my own experience. 
What is observed is a decrease in the intensity of the 
systolic murmur. 

Although the short term (2-12 months) follow up 
results reported here by Kan etal? show that the 
good result is maintained, the long term results 
remain speculative. Kan et al draw an analogy with 
the good long term results of the Brock procedure 
and speculate that similar results will be obtained by 
balloon valvuloplasty.? In this regard it 1s of interest 
to know whether valvuloplasty results in the splitting 
of valve tissue or merely (perhaps temporary) 
dilatation of the valve ring. I have experience of one 
patient in whom balloon valvuloplasty was per- 
formed during elective open heart surgery. Balloon 
inflation caused splitting of a commissure in this 
instance, and Lababidi and Wu reported an exactly 
similar experience 1n a single patient.? 

Stretching of tissue is the likely mechanism for the 
success of balloon angioplasty in the present two 
postoperative cases. Here too it is not possible to 
know for how long the good result will be main- 
tained, but even if palliation is only temporary the 
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procedure would appear to be worth while since sur- 
gical correction in each instance would have been 
complicated by the presence of scar tissue. The pro- 
cedure can, presumably, be repeated if necessary. It 
is of interest that balloon dilatation also appears to be 
successful in stretching scar tissue in another post- 
operative complication—coarctation “restenosis 7’ ? 
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Arrhythmogenic potential of diuretic induced 
hypokalaemia in patients with mild hypertension and 
ischaemic heart disease 
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SUMMARY In view of evidence suggesting an association of mild hypokalaemia with cardiac 
arrhythmia, the arrhythmogenic potentials of potassium losing and potassium sparing diuretic 
treatments were compared in a controlled prospective crossover study of 10 patients with mild 
hypertension and ischaemic heart disease. Mean (SEM) plasma potassium was 4-3(0-06) mmol/l and 
3-3(0-07) mmol/l after potassium sparing and potassium losing treatments respectively. Blood 
pressure and volume depletion as assessed by weight change, plasma renin activity, and 
noradrenaline concentrations did not differ significantly in the two treatment periods. The potas- 
sium losing treatment phase was associated with an increased frequency of ventricular extrasystoles, 
a higher Lown grading during ambulatory electrocardiographic monitoring, prolonged duration and 
decreased phase 0 velocity of the monophasic action potential, a prolonged ventricular effective 
refractory period, and increased myocardial electrical instability as assessed by programmed ven- 
tricular stimulation. 

It is concluded that minor changes in plasma potassium concentration are associated with 
increased ventricular electrical instability in patients with ischaemic heart disease. Mild 
hypokalaemia in such patients may predispose to life threatening arrhythmias and should be 


avoided. 


Severe hypokalaemia (plasma potassium «3-0 mmol/l) 
18 known to be associated with an increased incidence 
of cardiac arrhythmias.'~* This risk is further 
enhanced by the coexistence of myocardial ischaemia, 
cardiac failure, and digitalis treatment.5~7 There have 
been several reports implicating hypokalaemia of this 
magnitude as a primary cause of sudden cardiac 
arrest.57!? The clinical importance of less severe 
hypokalaemia associated with diuretic treatment 
(plasma potassium 3-0-3-5 mmol/l), however, remains 
controversial. Some authorities maintain that any 
degree of hypokalaemia should be avoided,!! whereas 
others state that only severe hypokalaemia warrants 
treatment.!?^ 14 The controversy has been highlighted 
recently by the Multiple Risk Factor Intervention 
Trial!5 and the re-analysis of the Oslo Study,!$ both of 
which showed a greater incidence of sudden death in a 
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subgroup of diuretic treated hypertensive patients 
with minor electrocardiographic changes than in 
patients who were not taking diuretics. The implica- 
tion of this finding was that diuretic treatment may 
have increased the risk of fatal cardiac arrhythmias, 
presumably through potassium or magnesium defi- 
ciency. Such a possibility must remain speculative 
until it can be shown in prospective controlled studies 
that cardiac electrical instability is consistently associ- 
ated with mild hypokalaemia. 

We investigated cardiac electrical instability in 
patients with mild hypertension and known coronary 
artery disease during treatment with a potassium los- 
ing diuretic and again after a similar period of treat- 
ment on a potassium sparing diuretic. We assessed 
myocardial electrical instability by several techniques 
and used an intrapatient crossover design to provide 
controlled data. Because of a possible role of increased 
sympathetic activity during volume depletion, 
changes in plasma catecholamine concentrations, as 
well as renin/angiotensin/aldosterone activity, were 
also studied. 
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Patients and methods 


The protocol was approved by the ethical committee 
of the Canterbury Hospital Board and all patients 
signed a consent form after a full explanation of the 
procedures. Eleven patients were recruited from the 
outpatient department. Their clinical details are given 
in Table 1. We used the following inclusion criteria: 
(a) the presence of mild hypertension (supine diastolic 
pressure phase 5, 90-100 mm Hg) measured on two 
consecutive outpatient visits; (Р) a clinical history of 
typical effort angina; and (c) absence of clinically man- 
ifest atrial arrhythmias. Patients with impaired renal 
function, potassium abnormalities before the start of 
the study, known hypersensitivity to thiazides or 
amiloride, and those who were pregnant were 
excluded. 


STUDY DESIGN 

The study followed a randomised crossover design 
and consisted of eight weeks’ treatment with a potas- 
sium sparing diuretic and eight weeks’ treatment with 
a potassium losing compound. Nine patients received 
amiloride 10 mg twice daily as the potassium sparing 
diuretic. One patient received spironolactone (Aldac- 
tone A) 25 mg twice daily because of nausea attri- 
buted to amiloride. Eight patients received chlor- 
thalidone 25 mg twice daily as the potassium losing 
drug. Two patients with chlorthalidone intolerance 
received cyclopenthiazide 0-5 mg daily. 

Five patients received the potassium sparing treat- 
ment first followed by the potassium losing treatment. 
In the remainder the order was reversed. When 
results were examined for an effect of treatment order 
none was found. Apart from sublingual nitrate for 
control of angina, no other drugs were used during 
the study. Nitrates were avoided for at least two hours 
before the blood pressure recording or any of the car- 
diac investigations described below. 

Each eight week treatment phase ended with a 24 
hour stay in hospital, during which a strict metabolic 
diet containing 180 mmol sodium and 60 mmol potas- 
Table 1 Patent characteristics 
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sium was taken. Hormone, biochemical, and cardiac 
studies were carried out during these two inpatient 
periods as described below. 


CARDIAC INVESTIGATIONS 

Blood pressure was recorded by means of an auto- 
mated version of the London School of Hygiene 
sphygmomanometer!? with patients supine at 1000 
after a five minute period of rest and again after they 
had stood for two minutes. The diastolic blood pres- 
sure was taken as phase 5 of the Korotkoff sounds. 
One observer made all the recordings. 

electrocardiograms were recorded on an 
Oxford Instruments Medilog two channel recorder for 
24 hours. The recorded tape was played back on to 
paper by means of the American Edwards Co 
Eliminator playback unit. А complete disclosure of 
the entire tape was read manually by two independent 
observers, both of whom were unaware of the identity 
of each tape. Tapes were analysed for frequency of 
ventricular extrasystoles per hour and for grading on 
the Lown ѕсаіе.!8 Paired observations on the fre- 
quency of extrasystoles accorded to within 196 and 
there was complete agreement on Lown grades. 

Exercise tesang—A multistage treadmill stress test 
was performed during each hospital admussion (Bruce 
protocol). End points for testing were ST depression 
on the electrocardiogram, the development of symp- 
toms, or a heart rate greater than 90% of the predicted 
maximum. 

Electrophysiological testtmg— The monophasic action 
potential was obtained by a close suction electrode 
(ABO Co, Tully, Sweden) posinoned in the apex of 
the right ventricle and recorded on photographic 
paper at 100 mm/s simultaneously with a surface elec- 
trocardiogram. Ten consecutive action potentials 
were manually digitised by means of a Wang desk top 
computer. The maximum height of each action poten- 
tial was standardised to 100%, and the action potential 
duration was measured at each 10% interval of amp- 
litude. The relative slope of the upstroke was taken as 
the 90-10% upstroke time. The frequency response of 





Casa No Age (у) Sex 
1 63 M 
2 48 M 
3 55 M 
4 60 F 
5 56 M 
6 60 F 
7 63 M 
8 51 F 
9 57 M 

10 52 M 

11 58 M 

Mean (SEM) 561 4) 


*Measured dunng left ventricular һу. - 
TScored according to the method of Bread? er al 25 





Емопоп fraction* (%) Myocardial scored 
49 74 

64 80 

40 5-4 

82 106 

79 102 

73 00 

70 96 

56 76 

62 2-0 

60 64 

71 64 
64(3 8) 6-%1 0) 
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the system was ОС 800 Hz. We estimated the effec- 
tive refractory period of the right ventricle and 
attempted induction of ventricular tachycardia with 
programmed extrastimuli. A bipolar pacing electrode 
was positioned in the apex of the right ventricle and 
up to three extrastimuli were applied after a train of 
eight paced beats for tachycardia induction. The 
effective refractory period was determined with a pre- 
cision of 2 ms. The protocol was based on a previ- 
ously published method!? in which a maximum of 
three extrastimuli, but no rapid ventricular pacing, 
was used. The degree of myocardial electrical instabil- 
ity was assessed in two ways: firstly by a modification 
of a previously described system that takes into 
account both the number of repetitive responses as 
well as the number of stimuli required to produce the 
responses2°; and, secondly, by the induction of a non- 
sustained ventricular tachycardia of at least three 
beats at a rate exceeding 100 beats/minute. Tachycar- 
dia induction was regarded as positive when the 
arrhythmia could be initiated in this way on three 
separate occasions. 

Hormonal and biochemical measurements were under- 
taken on venous blood drawn at 0800 after an over- 
night fast and 12 hours of recumbency, and were 
repeated after 60 minutes of upright posture. Plasma 
aldosterone,?! adrenaline and noradrenaline,? and 
angiotensin П concentrations, and plasma renin 
activity? were measured by standard techniques. 
Venous blood was also taken in the fasting state (0800) 
for measurement of plasma electrolyte concentrations. 
An arterial sample was drawn at the same time for 
blood gas and acid base determinations. 

Coronary angiography was undertaken within three 
months of the study to assess the degree of coronary 
artery disease. A decrease of > 50% in lumen diameter 
was taken to indicate significant stenosis. The coro- 
nary angiograms were scored by the method of Brandt 
et al.25 This system allocates a numerical weighting to 
various portions of the left ventricle depending on the 


Table 2 Plasma biochemical indices (mean (SEM)) 
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extent of the vascular supply. The degree of narrow- 
ing of each vessel supplying the left ventricle is then 
graded and a score out of a maximum of 15 units 
calculated. This score provides a measure of the 
extent of myocardium affected by the coronary dis- 
ease. Ejection fraction was calculated by digital callip- 
ers according to a previously described method.?¢ 


Results 


All but one patient completed the study without inci- 
dent. The one exception was patient 11 (Table 1), 
who developed sustained ventricular tachycardia 
requiring DC shock during the electrophysiological 
study while in the potassium losing phase. He 
declined reinvestigation. Of the 11 patients, seven had 
abnormalites on the resting electrocardiogram 
recorded before the study. One showed voltage 
criteria for left ventricular hypertrophy, another had 
left anterior fascicular block, and in five there were 
non-specific T wave abnormalities. 

Coronary | angiography—lndividual myocardial 
scores are given in Table 1. Five patients had single 
vessel disease, two had two vessel disease, and two 
had three vessel disease. One patient had only minor 
irregularities on the anterior descending coronary 
artery. 

Blood pressure after diuretic treatment was not 
significantly different in the two groups. Mean lying 
pressure (mm Hg (SEM)) was 143(5:2) systolic and 
86(2-3) diastolic after potassium sparing diuretics, and 
135(3-4) systolic and 87(2-4) diastolic after potassium 
losing diuretics. Mean standing pressure was 135(4-9) 
systolic and 87(3-5) diastolic after potassium sparing 
diuretics, and 128(3-2) systolic and 81(3-8) diastolic 
after potassium losing diuretics. 

Plasma electrolyte concentrations and biochemical 
indices (mean (SEM)) are given in Table 2. Plasma 
potassium concentration measured just before the 
study was 4-15(0-10) mmol/l. The plasma potassium 





Index Potassium losing phase Potassium sparmg phase р value 

Venous blood plasma (mmolT). 
Potassium 3 300 3(0-06) <0 001 
Sodium pn 41 137(0 47) NS 
Chloride 14 103(0 38) <0 05 
Carbon dioxide 27(0 5) ) «0-001 
Glucose 5. 02 5-7 04 NS 
Urea 5703 5604 NS 
Creannine 0-08(0 E 0-09(0-01) NS 
Urate 0420 03 0 37(0 03) «0-05 
Phosphate 09007 10002 NS 

Art blood: 3909 
pa 7-39(0-01) 7 37(0 02) NS 

carbonate (mmol/T) 23 4(0 51) 20 50 81) «002 

Carbon dionde (mm Hg) 38 51-0) 35-4(1 2) <0 02 


NS, not significant. 
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per hour (log scale) 
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Fig. 1 (a) Mean menber of ventricular extrasystoles per hour 
recorded over 24 hours in nine panents during ambulatory 
monitoring while taking potassium losing and potassium sparing 
diuretics. Results are shown for individual patients and as mean 
(SEM). (b) маша LS DAE CUNT ана 
recorded during 24 hour ambulatory monitoring. 


concentration was significantly lower (3-3(0-07) 
mmol/l) at the end of the potassium losing phase than 
at the end of the: potassium sparing phase (plasma 
potassium 4-3(0-06) mmol/l (p<0-001). Total venous 
carbon dioxide and arterial bicarbonate values were 
significantly higher during the potassium. losing 
phase. There was no significant difference between 
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treatment phases in plasma sodium, glucose, 
creatinine, urea, calcium, magnesium, and phosphate 
concentrations, but plasma chloride was lower 
(p<0-05) and plasma urate was higher (p<0-05) dur- 
ing the potassium losing phase than during the potas- 
sium sparing phase (Table 2). 

7 Because of a tape 
failure in one study, paired data were obtained in only 
nine patients. There was a significantly greater 
(р<0-05) hourly frequency of ventricular extrasys- 
toles апа'а higher Lown grade (p<0-05) during the 
potassium losing phase than during the potassium 


‘sparing phase (Fig. 1). In seven of nine studies, the 


frequency of ventricular extrasystoles was greater dur- 
ing the potassium losing phase (Fig. 1). The Lown 
grade was higher in five patients during the potassium 
losing phase, but in the remaining four cases it was 
similar during both treatments (Fig. 1). There was no 
apparent relation between the frequency of ventricu- 
lar extrasystoles or Lown grading and plasma potas- 
sium concentration. 

Exercise tesang—Exercise tests were positive in five 
patients, two on the basis of 1 mm horizontal ST 
segment depression, and angina developed in three. 
The mean duration of exercise was not significantly 
different in the two intervention phases (470 s us 
435 s for the potassium losing and sparing phases 


respectively). Only two patients had ventricular 





300 


Fig. 2 Group mean time course of the monophasic action potential during potassium losmg and potassium sparing 
calculated by 


treatment. р values were the pared t test. 
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extrasystoles during the exercise test. In both cases 
the ventricular extrasystoles occurred in the potas- 
sium losing phase and the same patients did not’show 
any ventricular extrasystoles while taking the potas- 
sium sparing agents. 


ELECTROPHYSIOLOGICAL STUDIES 

Right ventricular monophasic action potential—The 
slope of the action potential upstroke was significantly 
(p<0-05) steeper during the potassium sparing phase. 
Action potential duration at 50% repolarisation was 
prolonged during the potassium losing phase but this 
difference was not statistically significant. Action 
potential duration at 90% repolarisation, however, 
was significantly prolonged by hypokalaemia 
(p<0-001) (Fig. 2). 

Right venmicular effective refractory period—The 
effective refractory period of the right ventricle dur- 
ing the potassium losing phase was significantly pro- 
longed (240(22) ms) compared with that during the 
potassium sparing phase (216(10-8) ms), (p<0-05). 
The QT interval corrected for heart rate (0-45(0-03) s 


30 





N 
e 


Instability score 


0 III mm 
Potassium Potassium 
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Fig. 3 Myocardial electrical instability score during potassium 
sparing and potassium losing treatment (see text for details of the 
scoring system). 
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us 0-44(0-02) s) showed a 2% prolongation in the 
potassium losing phase, but this change did not reach 
statistical significance. 

Tachycardia induction studies—One patient devel- 
oped sustained ventricular tachycardia requiring DC 
shock during the potassium losing phase. Because he 
refused to continue in the study he did not complete 
the potassium sparing phase. Data from the 10 paired 
studies are shown in Fig. 3. Four patients developed 
tachycardia and had higher myocardial electrical 
instability scores during the potassium losing phase 
than during potassium sparing phase. In all but one of 
the remaining patients the scores were the same with 
both treatment regimens. In one patient the score dur- 
ing the potassium sparing phase was slightly higher 
than that during the potassium losing phase. Non- 
sustained ventricular tachycardia was induced in five 
patients during the potassium losing phase and in 
three patients during the potassium sparing treatment 
phase. 

Heart rate—Heart rate (mean (SEM)) in the potas- 
sium losing phase was 80-0(11-9) beats/min and 79-9 


| " И 
EF. 
A, 
A v 


Lying Standing Lying Standing 

Potassium losing Potassium sparing 
Fig. 4 Plasna concentrations of aldosterone, angiotensin П, 
renin activity, and noradrenahne measured when panents were 
bing down or standing up while on potassiwn sparing and 
potassiten losing therapy. Values are mean (SEM). Plasma 
aldosterone (both hang and standing values) was significantly 
higher (p «0-001) during potassium sparing treatment. 
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(11-0) beats/min during the potassium sparing phase. 


HORMONE RESULTS 

Hormone values when patients were lying or standing 
are shown in Fig. 4. Concentrations in supine patients 
and the rise in plasma noradrenaline and angiotensin 


TI concentrations with erect posture were comparable- 


in the two treatment phases. Plasma aldosterone, how- 
ever, was significantly higher during treatment with 
potassium sparing diuretics: (p<0-001). Although 
plasma renin activity was lower in this phase, the dif- 
ference was not statistically significant. 


Discussion 


Although severe potassium deficiency may precipitate 
life threatening cardiac arrhythmias, the effect of less 
severe hypokalaemia, particularly in patients with 
ischaemic heart disease, is сопігоуегзіа].!! 14 Recent 
studies have increased concern that conventional 
potassium losing diuretic treatment may be arrhyth- 
mogenic. The Medical Research Council mild hyper- 
tension study showed a significantly greater frequency 
of ventricular extrasystoles in patients treated with 
thiazide diuretics than in untreated control patients.?7 
Others have shown similar changes during .thiazide 
treatment that were partly abolished by potassium 
repletion.!! !? Observations of an increased incidence 
of ventricular fibrillation after acute myocardial 
infarction in hypokalaemic райепіѕ28 29 and of 
increased incidence of sudden death associated with 
high dose diuretic treatment of patients with mild 
hypertension5!5!6 add further to the concern. 
Although there were several explanations for these 
findings, the possibility of a causal relation between 
diuretic treatment and increased mortality in certain 
subgroups of hypertensive patients requires urgent 
clarification: There are, however, practical problems. 
To show a causal relation between hypokalaemia and 
sudden death in a small subgroup of patients requires 
a very large scale trial.!4 In the absence of this infor- 
mation, the case for preventing diuretic induced 
hypokalaemia must be based on appropriately 
designed and controlled electrical trials showing а 
consistent association of increased myocardial electri- 
cal instability with potassium losing treatment. 

We have examined prospectively in a randomised 
crossover controlled trial the effect of two short term 
diuretic treatments (one associated with potassium 
sparing and the other associated with potassium loss) 
in patients with mild essential hypertension and 
ischaemic heart disease. The hypotensive effect, and 
the degree of volume depletion as judged by body 
weight, activity of the renin angiotensin system, and 
catecholamine concentrations were comparable with 
the two treatments. There were significant differences 
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between the two treatments in plasma potassium, acid 
base, chloride and urate concentrations that accorded 
with the known actions of the diuretics. Plasma aldo- 
sterone was significantly higher in the potassium spar- 
ing phase as previously reported.?? More importantly, 
consistent electrophysiological changes occurred in all 
patients during the potassium losing phase, and there 
was evidence of increased cardiac electrical instability 
as measured by several different standardised techni- 
ques. While animal and in vitro studies have shown 
that severe hypokalaemia (plasma potassium «3-0 
mmol/l) is associated with increased membrane poten- 
tia] negativity, increased rate of depolarisation, and 
increased duration of action potential?! ?? the present 
study is the first to show that similar changes in action 
potential occur in man during modest changes in 
plasma potassium. Prolongation of action potential 
duration is indicative of delayed repolarisation. There 
was no significant difference between the two treat- 
ment phases at 5096 repolarisation. This measurement 
includes phase 0, 1, and 2 of the action potential. 
Significant prolongation of the action potential was 
evident at 9096 repolarisation during the potassium 
losing phase but not at 5096. This suggests that 
delayed repolarisation due to moderate hypokalaemia 
is mainly attributable to prolongation of phase 3 of the 
action potential. The action potential duration is heart 
rate dependent but rates during both treatment 
phases were identical; thus heart rate was not a factor 
responsible for the difference in delayed repolarisa- 
tion in the potassium losing phase. Delayed repolar- 
isation is usually estimated from the QT interval of 
the surface electrocardiogram. This is a measurement 
which is imprecise since it is often difficult to define 
the start and end of the QT segment 1n the surface 
electrocardiogram. There is no universal agreement 
on the choice of lead from which this measurement is 
to be made. In contrast to this the monophasic action 
potential can define the phases of excitation and 
repolarisation with a high degree of precision.?? These 
factors probably explain why we found more consis- 
tent and significant changes in the potassium losing 
phase from analysis of the monophasic action poten- 
tial than from the QT segment measurement. А 
generalised electrophysiological effect of the potas- 
sium losing treatment is supported by lengthening of 
the effective refractory period of the right ventricle in 
every patient. 

If delayed repolarisation is homogeneous it may 
exert an antiarrhythmic effect. Heterogeneous 
repolarisation, however, has been shown to be associ- 
ated with. an increased risk of serious ventricular 
arrhythmias in congenital syndromes;?* after myocar- 
dial infarction,35 and after certain drugs.?9 To evalu- 
ate this effect further, we examined measures of car- 
diac electrical instability in patients at rest and during 
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exercise as well as during programmed intracardiac 
stimulation. From 24 hour recordings we found a 
significantly increased frequency of ventricular 
extrasystoles and a significantly higher Lown grading 
in the potassium losing phase—findings which are 
consistent with previous герогіѕ.!!27 Exercise 
induced ventricular extrasystoles occurred in only two 
of 20 studies and both patients were taking a potas- 
sium losing diuretic. This low frequency of ventricu- 
lar extrasystoles during exercise (compared with that 
seen during ambulatory monitoring) is similar to pre- 
vious reports. !! 

Although these results are consistent with increases 
in cardiac electrical instability associated with the 
potassium losing treatment, it is doubtful whether 
such findings alone constitute proof of increased sus- 
ceptibility to life threatening arrhythmias.>738 We 
therefore sought additional information by inducing 
tachycardia by programmed intracardiac stimu- 
lation—a technique which is regarded as a reliable 
predictor of serious arrhythmias.39~4! The electrical 
stability of the myocardium was assessed in two 
ways. Firstly, the frequency of induced ventricular 
tachycardia was measured, and secondly, we used a 
Scoring system that takes into account both the 
number of repetitive responses as well as the number 
of stimuli required. Non-sustained ventricular 
tachycardia developed in five patients during the 
potassium losing phase and in three patients during 
the potassium sparing phase. In most patients the 
electrical instability score was similar for both diuretic 
treatments; thus overall there was no statistical differ- 
ence between scores from the two phases of treat- 
ment. In those patients in whom there was a change 
(increase or decrease in score) electrical instability 
increased in four and decreased slightly in only one 
patient during the potassium losing phase of treat- 
ment. 

While our observations of increased myocardial 
electrical instability may be explicable on the basis of 
potassium depletion, other factors could be involved. 
In keeping with previous reports!! we found no corre- 
lation between plasma potassium concentration and 
indices of cardiac electrical instability. Despite the 
suggested importance of magnesium*? there were no 
significant differences in plasma magnesium between 
the two treatment phases. The possibility of diuretic 
induced hormonal changes, particularly in norad- 
renaline, contributing to increased electrical instabil- 
ity was investigated, with negative results. Further 
research is needed to evaluate the contribution of fac- 
tors other than potassium. 

As recently emphasised, no single technique is yet 
available to identify patients at high risk of sudden 
cardiac death.*? Our study has examined myocardial 
electrical function in several ways and is not depen-. 
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dent on a single technique for its conclusions. The 
results show that diuretic induced changes in plasma 
potassium are associated with demonstrable elec- 
trophysiological changes in all patients, that most 
showed increased frequency and complexity of ven- 
tricular extrasystoles, and that some had exercise 
induced arrhythmias. А smaller number were more 
susceptible to ventricular arrhythmias elicited by 
intracardiac stimulation. These findings, obtained in a 
small number of carefully studied patients, seem to 
reflect the clinical situation in which most patients 
may well have electrophysiological changes, but only 
a small propo-tion have major or fatal arrhythmias. It 
should be noted that our patients were not a high risk 
group; none had extensive coronary artery disease, 
history of significant arrhythmia, cardiac failure, or 
use of digitalis or other cardioexcitatory drugs. Since 
it is easier to prevent potassium deficiency than to 
treat it,^^ we conclude that a reduction in plasma 
potassium should be avoided in patients with 
ischaemic heert disease requiring diuretics. 


We thank the Medical Research Council of New Zea- 
land for financial support. Part of this study was 
undertaken when DES was in receipt of a grant from 
the Canterbury Medical Research Foundation. 
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Usefulness of plasma renin activity in predicting 
haemodynamic and clinical responses and survival 
during long term converting enzyme inhibition in 
severe chronic heart failure 

Experience in 100 consecutive patients 
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SUMMARY The relation between plasma renin activity before treatment and the haemodynamic 
and clinical responses to converting enzyme inhibition was determined in 100 consecutive patients 
with severe chronic heart failure who were treated with captopril or enalapril. Initial doses of 
captopril produced significant increases in cardiac index ane decreases in left ventricular filling 
pressure, mean arterial pressure, mean right atrial pressure, heart rate, and systemic vascular 
resistance that varied linearly with the pretreatment value for plasma renin activity. In contrast, 
there was no relation between the pretreatment activity and the magnitude of haemodynamic 
improvement after 1-3 months of treatment with the converting enzyme inhibitors, and, con- 
sequently, a similar proportion of patients with a high (>6 ng/ml/h; > 4-62 mmol/I/h), inter- 
mediate (2—6 ng/ml/h; 1:54—4-62 mmol/l/h), and low (<2 ng/ml/h; < 1:54 mmol/l/h) pretreatment 
value improved clinically during long term treatment (64%, 60%, and 64% respectively). Long 
term survival after one, two, and three years was similar in the three groups. Estimating the degree 
of activation of the renin-angiotensin system by measuring pretreatment plasma renin activity 
fails to predict the long term haemodynamic or clinical responses to converting enzyme inhibitors 
in patients with severe chronic heart failure, and thus appears to be of limited value in selecting 
those patients likely to benefit from treatment with these drugs. 


Although inhibition of the angiotensin converting 
enzyme with captopril and enalapril is of established 
value in the management of severe chronic heart 
failure,’ there is no reliable means of selecting 
patients who are likely to improve during long term 
treatment with these drugs. Previous trials have 
indicated that 60-65% of patients with heart failure 
will benefit haemodynamically and clinically after 
1-3 months’ treatment with these agents, ^* but 
responders and non-responders do not appear to 
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differ with regards to pretreatment demographic, 
haemodynamic, or clinical variables.? Because of the 
ability of converting enzyme inhibitors to interfere 
with the renin-angiotensin system early investigators 
suggested that the responses to captopril and 
enalapril could be predicted by assessing plasma 
renin activity before treatment was started.°~® Sub- 
sequent studies, however, found little relation 
between plasma renin activity and haemodynamic 
response and questioned the value of hormonal mea- 
surements as a means of selecting patients likely to 
benefit from treatment.?~!! A major drawback of 
all of these previous studies is that they evaluated 
only the immediate effects of converting enzyme 
inhibition in small numbers of patients; un- 
fortunately, short term haemodynamic assessments 
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of patients treated with captopril and enalapril are of 
limited value in predicting long term clinical out- 
соте.!2-!* No previous study has examined the 
usefulness of plasma renin activity ш predicting the 
long term haemodynamic and clinical responses to 
these drugs in a large series of patients. 

In this study we evaluated the relation between 
plasma renin activity and the haemodynamic and 
clinical effects of long term converting enzyme 
inhibition in 100 consecutive patients with severe 
chronic heart failure. 


Patients and methods 


The study population consisted of 100 (70 men, 
30 women; aged 27—83 (mean 64) years) consecutive 
patients with severe chronic heart failure who 
received treatment with the converting enzyme 
inhibitors, captopril or enalapril, for at least two 
weeks and who had their plasma renin activity deter- 
mined before the start of treatment. The cause of 
heart failure was ischaemic heart disease in 68 
patients, primary myocardial disease in 25, and pri- 
mary mitral or aortic valve regurgitation, or both, 
associated with severe left ventricular dysfunction in 
seven, four of whom had undergone valve replace- 
ment surgery. All patients had symptoms at rest or 
on minimal exertion but were evaluated while clin- 
ically stable. 


HAEMODYNAMIC ASSESSMENT 

Each patient received treatment with converting 
enzyme inhibitors under controlled conditions. For 
at least five days before entry into the study doses of 
digoxin and diuretics remained constant, all previous 
vasodilator drugs were withdrawn, and patients con- 
sumed a 2g sodium diet. After completion of the 
initial observation period right heart catheterisation 
was performed with a triple lumen flow directed 
thermodilution catheter for the measurement of 
intracardiac pressures, and an arterial cannula was 
inserted into the radial artery to measure systemic 
pressures. Thermodilution cardiac outputs were 
determined in triplicate by a bedside cardiac output 
computer using iced injectate. Heart rates were 
derived from a continuously recorded electro- 
cardiogram. 

The following haemodynamic variables were 
determined repeatedly to ensure stability of the pre- 
treatment state before drug administration: mean 
arterial pressure, heart rate, pulmonary artery and 
pulmonary capillary wedge pressures, mean right 
atrial pressure, and cardiac output. Each of the 100 
patients received an initial dose of 25 mg of captopril 
orally, after which all haemodynamic variables were 
determined every 30 minutes for three hours. 
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Patients were then treated with either captopril 
(75—450 mg daily, 86 patients) or enalapril (20-40 mg 
daily, 14 patients) for the next 1-3 months, during 
which time doses of digitalis, diuretics, and con- 
verting enzyme inhibitors remained unaltered and 
a 2g sodium diet was maintained. At the end of 
the treatment period right heart catheterisation and 
arterial cannulation were again performed in 83 
patients to assess the long term haemodynamic 
response to treatment; 17 patients did not undergo 
repeat evaluation because of death (three patients), 
refusal (three patients), a change in diuretic dosage 
(five patients), or physician preference (six patients) 
The protocol for the second haemodynamic evalu- 
ation was identical in all respects to that followed for 
the first study; haemodynamic variables were mea- 
sured during uninterrupted treatment for three 
hours after the administration of captopril and for 
4-6 hours after the administration of enalapril. 


HORMONALAND CLINICAL 
DETERMINATIONS 

Blood samples for determining plasma renin activity 
by radioimmunoassay were collected just before the 
initial dose of captopril. All samples were drawn at a 
similar time of day, while the patient was receiving 
a constant 2g sodium diet, after 4-12 hours lying 
supine, and 12—24 hours after taking the last dose of 
diuretic. Under these conditions, the reproducibility 
of our determinations of plasma renin activity in 52 
patients with congestive heart failure on consecutive 
days was excellent: r=0-89 for log.(day,PRA) 
=0-88 x log,(day, PRA)+0-15, where PRA ıs 
plasma renin activity. 

Changes in the clinical state of each patient after 
1-3 months’ treatment with captopril or enalapril 
were assessed in relation to the presence or absence 
of dyspnoea and fatigue at rest and during daily 
activities. Patients who improved clinically after 1—3 
months continued to receive these drugs in addition 
to digitalis and diuretics. Patients who did not 
improve continued to receive treatment with the 
converting enzyme inhibitors according to the pref- 
erence of their referring doctor. Patients who experi- 
enced adverse reactions were treated with lower 
doses of these drugs (after the side effect had sub- 
sided); treatment was stopped if the adverse reaction 
recurred with rechallenge. All patients were reas- 
sessed clinically at intervals of 1-2 months. Long 
term survival was assessed from the first day of treat- 
ment to July 1984; follow up data were available in 
97 of 100 patients. 


DATAANALYSIS 
Mean systemic arterial pressures were determined 
by electronic filtration. Left ventricular filling pres- 
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Table 1 Correlation coefficients for the relation between 
plasma renin activity and changes in various haemodynamic 
variables after first doses of captopril and after long term 
converting enzyme mhibition 


Variables First dose Long term 
Cardiac index 0 49* 009 
Left ventricular filling 

pressure 0 47* 019 
Mean arterial pressure 0 45* 0-27** 
Mean right atrial 

pressure 0 34* 018 
Heart rate 028** 010 
Systemic vascular 


resistance 0 46* 019 
*p « 0 001; **p « 0 05, levels of significance for correlation 
coefficients (r) 
sure was measured as the mean pulmonary capillary 
wedge pressure or as the pulmonary artéry diastolic 
pressure after it had been shown to be identical with 
wedge pressure. Derived haemodynamic variables 
were calculated as follows: cardiac index — CO/body 
surface area (1/min per m?) and systemic vascular 
resistance = 80 x (MAP — MRAP)/CO (dyn s сп 5) 
where CO is cardiac output, MAP mean arterial 
pressure, and MRAP mean right atrial pressure. 

During both short term and long term treatment, 
the haemodynamic responses to converting enzyme 
inhibition were assessed at peak drug effect on left 
ventricular filling pressure and systemic vascular 
resistance (1:0(0-5)h after captopril and 3-0(1-0)h 
after enalapril). 

Patients were divided into three groups based 
on their pretreatment plasma renin activity: low 
(«2 ng/ml/h; «1:54 mmol/l/h), intermediate 
(2-6 ng/ml/h; 154-462 mmol/l/h), and high 
(76 ng/ml/h; > 4:62 mmol/I/h). These ranges were 
based on normal values in our laboratory 
(2-6 ng/ml/h (1:54-4:62 mmol/1/h) while the patient 
was lying supine and taking a salt restricted diet), 
and is similar to the classification scheme used by 
others.!5!$ Qualitative and quantitative differences 
between the three groups were compared by the 
X! test and by one way analysis of variance 
respectively. The hypotheses that plasma renin 
activity and the haemodynamic responses to treat- 
ment were significantly related were tested by least 
squares linear regression analysis. Survival curves 
were calculated by life table analytical methods. 
Group data are expressed as mean (standard error of 
the mean). 


Results 


HAEMODYNAMICRESPONSES TO 
CONVERTING ENZYME INHIBITION 

First doses of captopril produced significant 
(p <0 001) increases in cardiac index and decreases 
in left ventricular filling pressure, mean arterial pres- 
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sure, mean right atrial pressure, heart rate, and sys- 
temic vascular resistance that varied linearly 
(p<0-05 to 0001) with the pretreatment plasma 
renin activity (Table 1 and Fig. 1). In contrast, there 
was no correlation between pretreatment plasma 
renin activity and the magnitude of the hae- 
modynamic response to long term converting 
enzyme inhibition (Fig. 1, Table 1). Only the weak 
correlation between plasma renin activity and the 
long term decrease in mean arterial pressure 
(r20-27) was significant (p « 0:05), and this was 
because of the large number of patients studied. 


CLINICAL RESPONSES TO CONVERTING 
ENZYME INHIBITION 

After 1—3 months’ treatment, 23 of 36 (64%) patients 
with low plasma renin activity, 25 of 42 (60%) 
patients with intermediate activity, and 14 of 22 
(64%) patients with high activity improved clinically 
by at least one New York Heart Association func- 
tional class. Pretreatment haemodynamic and clin- 
ical variables in these three groups were similar, 
except for a slightly lower heart rate in patients with 
low activity (p «0-05 vs groups with intermediate 
and high activity) (Table 2). After 6, 12, 18, 24, 30, 
and 36 months long term survival in the low, inter- 
mediate, and high activity groups was similar (Fig. 
2). АП but 18 of 100 patients had received treatment 
with captopril or enalapril until their most recent 
follow up visit or until within four weeks of their 
death. 


Discussion 


'The findings of the present study indicate that the 
pretreatment measurement of plasma renin activity 
cannot be used to select patients with severe chronic 
heart failure who will benefit from long term treat- 
ment with converting enzyme inhibitors. Although 
plasma renin activity varied linearly to a modest but 
significant degree with the immediate response to 
captopril, it did not correlate with the hac- 
modynamic effects of long term treatment. Catego- 
risation of patients into high, intermediate, and low 
acuvity groups did not predict long term clinical 
benefits or survival. There appears, therefore, to be 
little reason for measuring plasma renin activity 
before treatment is started with converting enzyme 
inhibitors in patients with congestive heart failure. 

In so far as plasma renin activity is an accurate 
marker of angiotensin dependent vasoconstriction, 
we were not surprised to find a significant relation 
between plasma renin activity and the bae- 
modynamic responses to first doses of captopril. 
Similar findings have been reported by others? ^5; 
the failure of some investigators to confirm these 
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Fig 1 Relation between pretreatment plasma renin activity and changes in (a) cardiac index and (b) left 
ventricular filling pressure after first doses of captopril and long term converting enzyme inhibition їп patients with 
severe chromic heart failure. A sigmficant relation was noted for both variables after first doses but not during long 
term treatment. Conversion: traditional to SI umis—plasma renin activity: 1 ng[ml|h ~ 0-77 mmol/l{h. 
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Table 2 Pretreatment haemodynamic and clinical variables ın patients nth heart failure grouped according to values for 
plasma тетп activity before converting enzyme inhibition. Values are mean (SEM) unless stated otherwise 





Vanables Low 
(< 2ng[mi[h) 

Age (yr) 66 9 (1 8) 
No. of panents (M/F) 25/11 
No. of pauents with: 

Ischaemic heart disease 21 

Primary cardiomyopathy 12 

Primary valve disease 
Cardiac index (l/min per m?) 1-78 (0 08) 
Left ventricular filhng pressure (mm Hg) 257 OR 
Mean arterial pressure (mm Hg) 87102 
Mean right atrial pressure (mm Hg) 11-4 (10) 
Heart rate (beats/min) 807 (20) 
Systemic vascular resistance (dyn s cm ^5) 2110 (133) 


*Significance of difference between the three groups. 


Intermediate High 
(2-6 ng[mlIh) (> 6 ng[mi[h) р value* 
61-7 (2-0) 65-6 (1 7) NS 
30/12 {7 NS 
29 18 NS 
9 4 NS 
4 0 NS 
1 81 (0 07) 1 64 (0 06) NS 
26-5 (0 7) 27-7 (0 9) NS 
82:2 (20 78 8 (29) NS 
116 (09 SEE NS 
867 (20 88 8 (33 <0 05 
1908 (80) 2019 (147) NS 


Conversion. traditional to SI units — plasma renin activity: 1 ng/ml/h = 0 77 mmol/l/h. 


observations was probably related to their evaluation 
of small numbers of patients with a narrow range of 
values for plasma renin activity.?^!! The relation 
tbat we found between plasma renin activity and 
short term response, however, was not as striking as 
has been reported previously,?^? partly because 
many of our patients with low plasma renin activity 
showed pronounced early haemodynamic effects. 
This unexpected response may be related to the abil- 
ity of converting enzyme inhibitors to interact with 
other hormonal systems,'?~!9 or to the ability of 
renin and angiotensin to act as local tissue hormones, 
so that circulating concentrations of these substances 
may not reflect their concentration at active sites in 
the peripheral vasculature.29?! 
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Fig. 2 Long term survival m patents with severe chronic 
heart faslure treated with converting enzyme inhibitors 
grouped into low (n — 36), intermediate (n —42), and high 
renin (n=22) cohorts. The small differences in survival 
between the groups were not significant. 


'The modest relation that we found between pre- 
treatment plasma renin activity and the initial hae- 
modynamic effects of captopril was no longer seen 
after 1-3 months of converting enzyme inhibition; a 
similar time dependent dissociation between hae- 
modynamic and hormonal variables has been noted 
in hypertensive subjects.???? These observations 
can be explzined by our previous finding that the 
magnitude of the response to converting enzyme 
inhibition can change dramatically during the course 
of treatment. Some patients with heart failure who 
respond initially to captopril fail to show sustained 
effects with prolonged treatment; conversely, many 
patients who do not respond initially benefit only 
during long term treatment.!? This delayed response 
to converting enzyme inhibition is common in 
patients with heart failure!? and may result from the 
reversal of a slow pressor response to angio- 
tensin,?*?^ from a diuretic effect of captopril and 
enalapril that follows their suppression of 
aldosterone, !? or from the ability of these drugs to 
produce a long term reduction in the circulating con- 
centrations of other vasoconstrictor hormones (cate- 
cholamines and vasopressin).!?!? All these factors 
(acting alone or in concert) probably explain why the 
haemodynamic response to first doses of captopril 
bears little relation to its haemodynamic effects dur- 
ing long term treatment and thus fails accurately to 
predict the clinical response to long term converting 
enzyme inhibition.'?~ 14 

Our finding that plasma renin activity did not pre- 
dict long term survival in our patients with severe 
heart failure is of interest. Massie and coworkers 
have shown that one of the principal prognostic fac- 
tors in patients with heart failure is their response to 
treatment with vasodilators?5; patients who show 
favourable clinical effects fare better than those who 
do not benefit from treatment. In so far as plasma 
renin activity did not determine clinical response we 
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were not surprised that it also failed to predict long 
term survival. These findings, however, should not 
be construed to suggest that the renin-angiotensin 
system does not play a role in determining long term 
prognosis. All our patients were treated with con- 
verting enzyme inhibitors, which would be expected 
to neutralise any direct detrimental influence that 
angiotensin II might exert on mortality; if this neu- 
tralisation was complete, patients with a high plasma 
renin activity would fare as well as those with low or 
intermediate values. Accordingly, in order to deter- 
mine if the renin-angiotensin system does exert a 
detrimental effect on survival, the relation between 
the degree of activation of the system and prognosis 
must be assessed in patients who are not treated with 
' converting enzyme inhibitors. Such a deleterious 
role for angiotensin ЇЇ has been postulated in 
patients with systemic hypertension and hepatic cir- 
rhosis and, more recently, in patients with con- 
gestive heart failure, most of whom did not receive 
treatment with captopril or enalapril.?5- 28 

Our findings must be interpreted cautiously. Pre- 
vious claims of the value of plasma renin activity in 
predicting clinical events were based on studies per- 
formed in hypertensive patients who were in sodium 
balance while taking no drugs.?? Our patients had 
severe heart failure, were receiving diuretic drugs, 
and may not have achieved sodium balance despite 
great efforts to keep sodium intake and body weight 
constant before entry into the trial. Furthermore, 
patients with heart failure may alter their 
dependence on angiotensin II during the course of 
their disease if dietary intake of sodium or the dose 
of diuretics are changed (although such changes were 
not permitted in the present study) or their clinical 
state deteriorates.???? Accordingly, it is unrealistic 
to expect that a single measurement of plasma renin 
activity, although determined under steady state 
conditions, would be able to estimate reliably the 
present or future role of the renin-angiotensin sys- 
tem in the pathogenesis of heart failure in an individ- 
ual patient; hence, it cannot be used to predict the 
response to interventions that interfere with angio- 
tensin II formation. 


MP is the recipient of a Research Career Devel- 
opment Award from the National Heart, Lung and 
Blood Institute, Bethesda, Maryland, USA. 
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Effects of enalapril in heart failure: a double blind 
study of effects on exercise performance, renal 
function, hormones, and metabolic state 


J GF CLELAND,* HJ DARGIE,* SG BALL,f G GILLEN,{t GP HODSMAN,f 
JJ MORTON,t B W EAST, I ROBERTSON,$1 FORD,| JIS ROBERTSONt 
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Опи, Western Infirmary, Glasgow, {Department of Clinical Physics, West of Scotland Health Boards,Glasgow,; 
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of Glasgow 


SUMMARY Several studies have shown symptomatic and haemodynamic improvement after the 
introduction of angiotensin converting enzyme inhibitors in patients with heart failure treated 
with diuretics. The concomitant long term effects of the new orally effective long acting angio- 
tensin converting enzyme inhibitor, enalapril, on symptoms, exercise performance, cardiac func- 
tion, arrhythmias, hormones, electrolytes, body composition, and renal function have been 
further assessed in a placebo controlled double blind cross over trial with treatment periods of 
eight weeks. Twenty patients with New York Heart Association functional class II to IV heart 
failure who were clinically stable on digoxin and diuretic therapy were studied. Apart from the 
introduction of enalapril, regular treatment was not changed over the study period; no order or 
period effects were noted. Enalapril treatment significantly improved functional class, symptom 
score for breathlessness, and exercise tolerance. Systolic blood pressure was significantly lower 
on enalapril treatment. Echocardiographic assessment indicated a reduction in left ventricular 
dimensions and an improvement in systolic time intervals. In response to enalapril, the plasma 
concentration of angiotensin II was reduced and that of active renin rose; plasma concentrations 
of aldosterone, vasopressin, and noradrenaline fell. There were signficant increases in serum 
potassium and serum magnesium on enalapril. Glomerular filtration rate measured both by 
isotopic techniques and by creatinine clearance declined on enalapril while serum urea and 
creatinine rose and effective renal plasma flow increased. Body weight and total body sodium were 
unchanged indicating that there was no overall diuresis. There was a statistically insignificant rise 
in total body potassium, though the increase was related directly to pretreatment plasma renin 
(r=0-5). On enalapril the improvement in symptoms, exercise performance, fall in plasma nor- 
adrenaline, and rise in serum potassium coincided with a decline in the frequency of ventricular 
extrasystoles recorded during ambulatory monitoring. Adverse effects were few. 

In patients with heart failure, enalapril had a beneficial effect on symptoms and functional 
capacity. The decline in glomerular filtration rate on enalapril may not be beneficial in early heart 
failure. 


The three principal groups of drugs used to treat vasodilators. Whereas the place of diuretics is firmly 
heart failure are diuretics, digitalis preparations, and established, the value of digitalis in the long term 
treatment of heart failure with sinus rhythm remains 

. 1 2 а 
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in the treatment of cardiac failure together with 
several substantial additional benefits. Angiotensin 
II is an important stimulus to aldosterone secretion’; 
and lowering plasma angiotensin II by angiotensin 
converting enzyme inhibition should reduce 
aldosterone secretion and thus facilitate diuresis 
while also correcting any deficiency of potassium and 
Magnesium associated with diuretic therapy and 
aldosterone excess.9? 

Hyperaldosteronism is particularly likely to occur 
with prolonged diuretic treatment of heart failure 
and the resulting electrolyte abnormalities predis- 
pose patients to cardiac arrhythmias./°!! 

The high circulating concentrations of angiotensin 
II encountered in heart failure can stimulate exces- 
sive secretion of vasopressin!? which hinders 
diuresis.!? Reduction of vasopressin secretion by 
angiotensin converting enzyme inhibition should 
promote fluid excretion. Angiotensin II also stimu- 
lates the sympathetic nervous system at various 
sites! ^ and inhibits vagal transmission! 5; angiotensin 
converting enzyme inhibition will reverse these 
actions./$!17 Angiotensin II also has direct renal 
actions 1n cardiac failure. Despite a profound reduc- 
tion in renal blood flow,'® glomerular filtration rate 
and urea excretion!?!? are well preserved until a late 
stage of heart failure. This maintenance of renal 
function is mainly the result of the intrarenal actions 
of angiotensin II which increases efferent glomerular 
arterial tone?? and enhances the efficiency of vasa 
recta countercurrent exchange mechanisms.!? In 
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late cardiac failure, however, excessive intrarenal 
angiotensin II can cause glomerular shutdown with 
rapidly advancing uraemia and hyponatraemia.!? 
Thus angiotensin converting enzyme inhibition 
might benefit the kidney in advanced heart failure, 
but at earlier stages might worsen some aspects of 
renal function. 

Several well controlled trials of angiotensin con- 
verting enzyme inhibition in cardiac failure have 
now shown clinical benefit,?!~?° although, to our 
knowledge, only one using captopril has concur- 
rently evaluated symptoms together with metabolic, 
hormonal, and renal changes.?$ 

We report here the effects of enalapril, a new long 
acting angiotensin converting enzyme inhibitor, 
determined in 20 patients with heart failure in a trial 
with a double blind cross over design for within 
patient comparisons. In addition to assessing symp- 
toms and exercise performance we measured renal 
function, serum and total body electrolytes, the 
renin-angiotensin system, and plasma aldosterone, 
vasopressin, and catecholamine concentration. 


Patients and methods 


PATIENT SELECTION 

We studied 20 patients with chronic heart failure 
caused by ischaemic heart disease (nine), congestive 
(dilated) cardiomyopathy (eight), or severe left ven- 
tricular dysfunction after successful valve replace- 
ment (three) who were in New York Heart Associ- 


Table 1 Biochemical variables measured at baseline, during enalapril treatment, and during placebo treatment 


Basehne Enalapril Piacebo Stgmficance* 

Serum sodium (mmol/l) (n = 19) 139 (4) 138 (4) 139 (3) NS 
Serum potassium (mmol/l) (n = 19) 38(03) 42(0 3) 3 7(0 3) p < 0 00001 
Serum magnesium (mmol/l) (n = 19) 0 755 (0:183) 0 835 (0 081) 0 817 (0 080) р<005 
Serum urea (mmol/l) (n = 19) 64(20) 8 0(2-4) 64(1 9) р < 0 001 
Serum creatine (ито!) (п = 19) 100 (24) 110(31) 101 (24) р<001 
Total body sodium (mmol) (р = 16) 3385 (621) 3267 (512) 3390 (57 NS 
Total body potassium (mmol) (n = 16) 2659 (619) 2787 (635) 2741 (669 NS 
Plasma active renin. 
(uU/ml) (n = 19) Mean 81 695 98 

Median 47 406 61 

Range 3-532 3-2256 3-673 p < 0 00001 
Plasma angiotensin II (pmol/l): 
(n = 18) Mean 39 14 34 

Median 31 13 29 

Range 1-160 4—35 1-83 <0 005 
Plasma aldosterone (ng/dl). Р 
(n = 19) Mean 14 10 16 

Median 10 8 9 

Range 6-37 4-39 3-85 p<005 
Plasma noradrenaline (nmol/l) (n = 16) 32(1:4) 22(08) 3-2(1:2 < 0 002 
Plasma ИП, i == 16) 03(0 1) 0 3(0 2) 0 402 S 
Plasma vasopressin (pg/ml 
(n = 18) Mean 19 13 22 

Median 16 11 15 

Range 03-51 02-36 05-78 p<002 


*Statistical significance of difference between enalapril and placebo. Values are mean (SD) unless otherwise stated. 


Conversion: traditional units to SI—Aldosterone: 36-1 ng / dl = 1000 pmol/l. Vasopressin: 1 pg/ml = 0 923 pmol/l 


Effects of enalapril in heart failure 


ation class II or IV. Mean (SD) duration of 
symptoms at entry was 18 (13) months. АП had had 
symptoms for more than three months. Patients with 
serious concomitant disease or appreciable valvar 
regurgitation were excluded. All vasodilators were 
withdrawn at least one month before investigation 
and doses of frusemide (mean (SD) daily dose 
124(57) mg/day) and digoxin (mean daily dose 
0-22 (0 06 mg/day) were held constant. One patient 
refused frusemide and continued on bumetanide 3 
mg/day. Four patients were also on amiloride 10—15 
mg/day, five on potassium chloride (1:8-2 4 g/day), 
one on hydrochlorothiazide 100 mg/day, and one had 
been treated with amiodarone 400 mg/day for the 
previous two years; doses of these agents were also 
held constant through the trial. 


STUDY DESIGN 

Patients were assessed and were familiarised with 
study procedures including repeated exercise tests 
four weeks before the start of the study. They were 
then admitted for 10 days for full initial assessment 
before being randomly allocated to enalapril 5 
mg/day or matching placebo. Doses of enalapril (or 
matching placebo) were then doubled every two 
weeks to a maximum of 40 mg once daily (9 am) if no 
adverse effect occurred. After two months patients 
were readmitted, reassessed, and then they were 
started on the alternative treatment. Doses were 
again doubled every two weeks and patients were 
finally assessed after a further two months in the 
trial. 

METHODS 

Symptoms were evaluated by New York Heart Asso- 
ciation score and by visual analogue scores for 
breathlessness, tiredness, and ankle swelling. Exer- 
cise capacity was measured by a modified Bruce pro- 
tocol with stages which lasted three minutes. Left 
ventricular internal dimensions were derived from 
M mode echocardiography?’ and systolic time inter- 
vals from the aortic root echocardiogram.?? Ambu- 
latory electrocardiographic monitoring was per- 
formed for 48 hours with a Medilog-1 system and the 
results were expressed as events per 24 hours. Repet- 
itive extrasystoles were defined as three or more con- 
secutive ventricular extrasystoles. Blood pressure 
was measured with a Hawkesly random zero sphyg- 
momanometer and heart rate was taken from the 
apex beat six hours after dosing. 

Venous blood was drawn at 9 am, 24 hours after 
dosing from the patients who had fasted (apart from 
water) and remained supine overnight. Samples 
were assayed for serum electrolyte, urea, and cre- 
atinine concentrations, and for plasma concen- 
trations of active renin?? (normal range 10—50 
U/ml), angiotensin II?? (normal range 5-35 
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pmol/l), aldosterone*? (normal range 4-18 ng/dl 
(150-500 pmol/1)), vasopressin?? (normal range 
0-3-0-7 pg/ml (0-3-0-6 pmol/1)), noradrenaline (nor- 
mal range 0-8-3 nmol/l), and adrenaline 
(undetectable—0-2 nmol/1).?? 

Total body potassium was derived from endo- 
genous *°K 34 by means of a whole body counter, and 
total body sodium was similarly determined after 
neutron activation.75~3? Effective renal plasma 
flow?? and glomerular filtration rates?? were deter- 
mined by single injection isotope techniques. Cre- 
atinine clearance was calculated from 24 hour urine 
collection and serum creatinine. 


STATISTICAL ANALYSIS 

Possible order and period effects or both were 
assessed by comparison of the differences between 
observations for the enalapril and placebo phases for 
the two groups by means of two sample t tests. In 
cases where the order effect was not significant we 
compared treatment effects by means of paired ¢ tests 
on the enalapril and placebo measurements and 
ignored the order of treatment. Correlations were 
calculated by Pearson's product moment correlation 
coefficient and these were tested for significance by 
t tests. The data were log transformed where appro- 
priate. 


Results 


In 17 patients the dose of enalapril was increased to 
a maximum of 40 mg/day, in two patients the dose 
was limited to 20 mg/day, and in one to 10 mg/day 
because of symptomatic hypotension, which also 
occurred in two patients on 40 mg/day. No severe 
hypotension was observed after the first dose in any 
patient. No patient failed to reach the maximum dose 
of placebo. Nineteen patients completed the study; 
one patient died suddenly during the placebo phase 
after showing an improvement in symptoms and 
exercise capacity on enalapril. 
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BIOCHEMICAL VARIABLES 

Hormone assays 

At baseline and on placebo, mean plasma concen- 
trations of active renin and angiotensin II were 
higher than normal but there was wide variation 
(Table 1). Plasma angiotensin II concentrations 
remained suppressed for 24 hours after the last dose 
of enalapril and there was a concomitant rise in 
plasma active renin concentration. 

At baseline and during the placebo phase mean 
plasma concentrations of aldosterone, nor- 
adrenaline, and adrenaline were at the upper limit of 
normal and plasma vasopressin was raised; again 
values varied widely. Plasma concentrations of all 
these hormones, except adrenaline, fell during treat- 
ment with enalapril. 


Electrolytes 

At baseline and on placebo, mean serum potassium 
and magnesium were at the lower limit of normal and 
total body potassium was low at 96(13)% (mean 
(SD)) of predicted normal values. There was a 
significant increase in serum potassium and mag- 
nesium on enalapril. Total body potassium increased 
and total body sodium decreased, though neither 
change was statistically significant. There was no 
overall change in serum sodium. In two patients in 
whom postural hypotension developed (standing 
blood pressure on placebo 96/66 mm Hg and 108/88 
mm Hg falling to 72/56 mm Hg and 68/44 mm Hg 
respectively on enalapril) serum sodium was reduced 
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on enalapril (from 139 to 134 mmol/l and from 134 
to 121 mmol/l respectively). In two other patients, 
however, serum sodium rose on enalapril (from 129 
to 133 mmol/l and from 134 to 137 mmol/l). 

Total body potassium was negatively correlated 
with plasma active renin concentration measured at 
baseline (r  —0-61; p « 0-01) (Fig.). Changes in total 
body potassium (r—0-5) and in total body sodium 
(r= —0-21) with enalapril were both related to initial 
plasma renin concentration though only the rise in 
total body potassium was statistically significantly 
related (p « 0-05). 

Before treatment with enalapril plasma concen- 
trations of the following hormones correlated 
significantly with plasma angiotensin II; active renin 
(rz 0-90; p « 0-001), aldosterone (r—0:57; p « 0-01), 
vasopressin (r-0-49; р « 0-05), and noradrenaline 
(к= 0-66; p « 0-002). 


CLINICAL VARIABLES 

Blood pressure and heart rate 

Both systolic and diastolic blood pressure were 
significantly reduced on enalapril and heart rate also 
declined (Table 2). 


Left ventricular function 

Echocardiographic left ventricular systolic and 
diastolic dimensions were reduced by enalapril, 
although fractional shortening did not increase 
significantly (Table 2). The ratio of pre-ejection 
period to left ventricular ejection time was also 


Table 2 Clinical variables measured at baseline, during enalapril treatment, and placebo treatment 





Baseline Enalapril Placebo Syntficance* 
Breathlessness (mm) (n = 19) mean (range) 56 (15-92) 24 (0-89) 45 (3-95) 
median 61 7 p < 0006 
Tiredness (mm) (n = 19) mean (range) 31 (0-100) 29 (0-88) 39 (0-96) 
median 58 13 41 S 

Systolic blood pressure (mm Hg) (n = 19) UT. 100(23) 121 m p «000001 
Diastolic blood pressure (mm Hg) (n = 19) 75(12 62(11) 7210 p«0001 
Heart rate (beats/min) (n = 18) un 72(9) те <003 
Weight (kg) (п = 19) 66(11) 67 (11) 67 (11 S 
Glomerular filtration rate (ml/min) (n = 18) 70 c 58 (23) 71 (23) p < 0 00001 
Creaunme clearance (ml/min) (n = 17) Sora 65 (24) 72 (23, р<004 
Effective renal plasma flow (ml/min) (n = 15) 289 (101) 354 (128) 308 (119) p < 0008 
Exercise time (min) (n = 19) 65(32 107 29) 8-7 (3-1 р < 001 
LVEDD (ст) (п = 18) 69(10 66(09 69(09 p<0004 
LVESD (cm) (n = 18) 581 2, 5 4(1-0) 58(1:2 « 0-003 
Fractional shortening (n = 18) 16 "t 17(6) S 
PEP:LVET (n = 16) 667 (204) 534 (186) 631(172) p < 003 
Ventricular extrasystoles. 
(per 24h) (n = 19) Mean 1702 1268 2140 

Median 555 560 659 

Range 15—11045 17-7827 17-9130 
Repetitive ventricular extrasystoles: 
(per 24 b) (n = 19) Mean 46 3-9 47 

Median 1 15 1 

Range 0-41 0-35 0-58 


——————————————————————————»—————»—»——»———————————————— 
*Statistical significance of difference between enalapril and placebo. Values are mean (SD) unless otherwise stated. LVEDD, left ventricular 
end diastolic dimension; LVESD, left ventricular end systolic dimension; PEP: LVET, ratio of pre-ejection period to left ventricular 


ejection time. 
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reduced, indicating an improvement in ventricular 
function. 


Ambulatory monitoring 

Ventricular extrasystoles were significantly reduced 
(by 50%) during enalapril treatment, but the reduc- 
tion in repetitive extrasystoles was not statistically 
significant. 


Renal function 

During enalapril treatment glomerular filtration rate 
measured isotopically was reduced and creatinine 
clearance also fell significantly, whereas effective 
renal plasma flow increased. The decline in glomeru- 
lar filtration rate was reflected in a rise in serum urea 
and creatinine. 


Exercise testing 
Exercise performance improved on average by one 
treadmill stage during enalapril treatment. 


Symptoms 

New York Heart Association score improved 
(Table3) during treatment with enalapril. Breath- 
lessness and tiredness also improved but ankle swell- 
ing, not a prominent complaint at the start of the 
study, was unchanged. 


ADVERSE EFFECTS 

Weight increased in the first week on enalapril 
(0-4 (0:8) kg; p « 0-05) whereas there was no change 
after one week on placebo (—0-1(0-6) kg). One 
patient had weight gain with increased ankle swell- 
ing; the latter improved on continued therapy with- 
out alteration of diuretic dose. Weight was similar on 
placebo and enalapril at the end of both two month 
periods. 

Adverse responses included hypokalaemia (serum 
potassium «35 mmol/l in eight patients on 
placebo; slight increases in transaminases, one 
patient on placebo (alanine transaminase 62 U/l) and 
one on enalapril (60 0/1); and a pronounced increase 
1n serum urea (6:8 mmol/l to 12-0 mmol/l) and cre- 
atinine (127 pmol/l to 202 pmol/l) in one patient on 
enalapril who also had postural hypotension (stand- 
1ng blood pressure on placebo 98/74 mm Hg and on 
enalapril 66/54 mm Hg). No patient developed pro- 
teinuria or a blood dyscrasia. 

Other possible adverse effects were a mild persis- 
tent dry cough їп one patient on enalapril. Transient 
skin eruptions were noted in three patients on 
enalapril (one case each of varicose eczema and two 
cases of a macular rash of hands or feet) and two on 
placebo (one case of varicose eczema and one of urti- 
caria)..In addition one patient developed thoracic 
herpes zoster during enalapril therapy from which 
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Table 3 New York Heart Association functional class at 
baseline, after treatment with enalapril, and on placebo. 
The difference between placebo and enalapril treatments 
was significant (p « 0-05) by a modified y? test 








Class Baseline Enalapril Placebo* 
4 2 0 2 

3 14 3 9 

2 4 15 8 

1 0 2 0 

Mean score 29 21 27 
*One death, 


she made an uncomplicated recovery. One patient 
who had previously had raised fasting blood glucose 
(8 mmol/l at baseline) developed glycosuria and a 
further increase in his fasting blood glucose on 
enalapril (placebo 11:9 mmol/l, enalapril 13:4 
mmol/l) which he had received after placebo. 


Discussion 


The present trial has confirmed earlier reports of 
beneficial effects on exercise time and dyspnoea in 
patients with heart failure treated with the angio- 
tensin converting enzyme inhibitors captopril?! ~ ?$ 
and enalapril. The degree of improvement in exer- 
cise performance was similar to that observed in 
other studies of enalapril but the placebo response in 
our study was also much greater than that reported 
in other studies.?* 25 

Our study design precludes any effect of patient 
training, allows within patient comparison of drug 
and placebo responses, and avoids difficulties in 
matching the baseline characteristics in placebo and 
active treatment groups which have affected other 
studies.2* We saw no evidence of an order effect, 
indicating that the double blind treatment periods 
were long enough to exclude a carry over effect into 
placebo period, which would tend to cause drug 
action to be underestimated. Unlike the other two 
reported studies of enalapril regular diuretic therapy 
was unchanged in our patients.2*?5 

A single daily dose of enalapril was sufficient to 
sustain a reduction in angiotensin JI and an increase 
in active renin over 24 hours. Mean plasma 
aldosterone, noradrenaline, and vasopressin concen- 
trations were raised before angiotensin converting 
enzyme inhibition, and correlated significantly with 
angiotensin II concentration. When angiotensin II 
formation was inhibited concentrations of all of these 
hormones fell. This could have been the result of 
clinical improvement, but a reduction of the 
reported stimulatory effect of angiotensin II on sym- 
pathetic neuronal activity and on the secretion of 
vasopressin and aldosterone’ is more likely. А 
decrease in plasma noradrenaline has already been 
reported after both short!? ^? and long тегш!°?© 
angiotensin converting enzyme inhibition in patients 
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with heart failure. We do not know of other reports 
of evidence of suppression of vasopressin secretion 
although such an effect is likely. Controlled studies 
of angiotensin converting enzyme inhibition in heart 
failure have consistently demonstrated long term 
suppression of plasma aldosterone*® *! 4? perhaps 
caused by the counter regulatory effect of increased 
serum potassium concentration.*? A fall of plasma 
aldosterone could be important in maintaining 
sodium balance as blood pressure and glomerular 
filtration rate fall. Reduction in sympathetic activity 
and of plasma vasopressin concentrations may result 
in additional arterial and venous dilatation? 44; the 
latter is likely to promote excretion of water.!? 

We found that serum potassium and magnesium 
concentrations rose on enalapril, and this effect may 
have been largely a result of a related fall in plasma 
aldosterone. In contrast to our earlier study with 
captopril,?$ the rise in mean total body potassium on 
enalapril was not statistically significant. The 
increase of body potassium on enalapril was directly 
related to the baseline plasma renin. Moreover, the 
extent of initial potassium depletion is related to 
plasma renin.*5 Thus increases in total body potas- 
sium with angiotensin converting enzyme inhibition 
might be expected only in patients who are already 
potassium depleted. Transient weight gain, which 
we have also observed with captopril," occurred in 
the first week of enalapril therapy. This was proba- 
bly largely due to a fall in blood pressure and poss- 
ible renal dysfunction.** In the long term weight was 
unchanged, suggesting that there may have been a 
secondary diuresis probably aided by the falls in 
plasma aldosterone and vasopressin. We observed no 
long term changes in mean serum sodium or total 
body sodium. There was a significant reduction in 
ventricular extrasystoles during enalapril treatment, 
probably partly reflecting the increases in serum 
potassium and magnesium, the reduction in sym- 
pathetic activity, and the reduced cardiac dimen- 
sions. Several studies have shown that frequent ven- 
tricular extrasystoles indicate a poor prognosis in 
heart failure,*’*® and sudden death, presumably 
from arrhythmias, is common in patients with left 
ventricular failure.*? If a causal relation does exist 
this is one mechanism whereby angiotensin con- 
verting enzyme inhibitors might reduce mortality. 

As we had expected on theoretical grounds?? and 
from earlier experience? enalapril treatment, 
although it increased renal blood flow, led to a fall in 
both creatinine clearance and in glomerular filtration 
rate measured isotopically and an increase in serum 
urea and creatinine concentrations. These changes 
represent the loss of a beneficial direct intrarenal 
action of angiotensin II. In cardiac failure enhanced 
angiotensin II mediated constriction of the efferent 
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glomerular arterioles!? 2? probably helps to sustain 
glomerular filtration. Blood is also diverted to the 
large juxtamedullary glomeruli which have long 
loops of Henle that descend deep into the renal 
medulla accompanied by vasa recta.°°*! Angio- 
tensin II mediated increased tone in the vasa recta 
may improve counter current exchange in the renal 
medulla and thus sustain urea excretion.!? Reduc- 
tion of intrarenal angiotension Il by angiotensin 
converting enzyme inhibition would lead to loss of 
these various compensatory effects and thus to a fall 
in glomerular filtration rate and a rise in serum urea 
concentration. Only in very severe cardiac failure, in 
which gross excess of intrarenal angiotensin II 
causes preglomerular arteriolar constriction,!? 5? 53 
hyponatraemia, and rapidly advancing azotaemia, 
are angiotensin converting inhibitors likely to 
improve renal function. 

Reduction in heart rate is to be expected with 
angiotensin converting enzyme inhibition in cardiac 
failure despite dilatation of resistance vessels and 
probably results from a combination of venous 
dilatation, reduced sympathetic tone,!$ *5 and loss of 
the vagolytic effect of angiotensin II.!5!? Although 
in the long term the reduction in blood pressure was 
generally well tolerated, initiation of treatment with 
captopril** 55 ог enalapril*$ may be associated with 
severe hypotension, bradycardia, and syncope. For 
this reason such treatment must be started under 
close supervision. 

In response to the presumed reduction in preload 
and afterload’? 58 we observed a reduction in left 
ventricular dimensions. An improvement in systolic 
function is suggested by the improvement in the 
ratio of pre-ejection period to left ventricular ejec- 
tion time which has been shown to correlate with left 
ventricular fraction.?? The reduction in end diastolic 
dimension implies a reduction in filling pressure. 

Apart from postural hypotension which caused 
symptoms in three patients, adverse reactions 
seemed to be no more common with enalapril than 
with placebo. Although very low ambulant pressures 
without symptoms seem to be tolerated by many 
patients, an excessive fall below renal autoregulatory 
thresholds may have accounted for the pronounced 
increase in serum creatinine associated with hypo- 
tension and hyponatraemia in. one patient. The 
patient who developed diabetes did so at the end of 
the four months of study and had had raised fasting 
blood glucose concentrations before joining the 
study. Impaired glucose metabolism does not seem 
to be a feature of angiotensin converting enzyme 
inhibition,*® however, in one study blood glucose 
concentration was not included in the coronary risk 
factors studied.5? 

Despite the minor consequent impairment of renal 
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function and occasional hypotension, angiotensin 
converting enzyme inhibitors clearly improve symp- 
toms in heart failure. The reduction of ventricular 
arrhythmias moreover offers the distinct hope that 
these drugs may help to prolong survival in patients 
with cardiac failure. 


Dr J G F Cleland is supported by a training fellow- 
ship from the Medical Research Council and Dr S G 
Ball by the British Heart Foundation. 
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Acute haemodynamic and metabolic effects of 
dopexamine, a new dopaminergic receptor agonist, 
in patients with chronic heart failure 
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From the Department of Cardiology, St Thomas’ Hospital, London 


SUMMARY Dopexamine, a new compound with postjunctional dopamine receptor activating and 
beta adrenoceptor agonist properties, was given to 10 patients with chronic heart failure at 
diagnostic cardiac catheterisation to investigate its acute haemodynamic and metabolic effects. 
The drug was administered by intravenous infusion in three incremental doses and produced 
significant dose related increases in cardiac index, stroke volume index, and heart rate and falls 
in systemic vascular resistance and left ventricular end diastolic pressure; aortic and pulmonary 
artery pressures were unchanged. Isovolumic phase (max dP/dt and K Vmax) and ejection phase 
(peak aortic blood velocity, maximum acceleration of blood, and maximum rate of change of 
power with time during ejection) indices of myocardial contractility were all increased by dope- 
xamine but these changes were hard to interpret in the presence of an increase in heart rate. 
Myocardial efficiency and ejection fraction were both increased and left ventricular end diastolic 
and end systolic volumes fell. These largely beneficial changes were achieved without a statisti- 
cally significant increase in myocardial oxygen consumption or disturbance of myocardial meta- 
bolic function. Dopexamine was well tolerated but tremor was reported by two patients at the 
intermediate dose and mild chest pain by two patients at the high dose. 


Dopamine is well established in the management of 
acute or acute on chronic heart failure.!? The clinical 
value of dopamine, however, is often limited by 
alpha adrenoceptor mediated peripheral con- 
striction,>* which increases the load faced by the left 
ventricle during ejection. Consequently myocardial 
oxygen demand increases and myocardial ischaemia 
may be induced in patients with coronary artery 
disease." 

Dopexamine (Fisons Pharmaceutical Division) is 
a recently synthesised compound which is struc- 
turally related to dopamine (Fig. 1). Like dopamine 
it can only be administered intravenously. In vitro 
and in vivo animal experiments show that the drug 
activates postjunctional dopamine receptors (equi- 
potently with dopamine), has substantial beta, adre- 
noceptor agonist activity, has no beta, adrenoceptor 
agonist activity, and, unlike dopamine, is inactive at 
Requests for reprints to Dr J R Dawson, Department of Cardiology, 
St Thomas’ Hospital, London SE] 7EH. 
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the alpha adrenoceptors.” This pharmacological 
profile suggests that dopexamine will produce 
haemodynamic improvement in patients with heart 
failure and because of its theoretical supenority to 
dopamine is worthy of evaluation. The haemo- 
dynamic and metabolic effects of dopexamine were 
evaluated in 10 patients with severe chronic heart 
failure. 
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Fig 1 Chemical structure of dopamine (a) and 
dopexamine (b). 
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Patients and methods 


PATIENTS 

Ten patients (nine men and one women, mean age 54 
(range 44—69)) with chronic heart failure undergoing 
diagnostic cardiac catheterisation participated in the 
study. Each patient gave written consent and the 
study protocol was approved by the hospital ethics 
committee. All patients were severely limited by 
dyspnoea (class 3, New York Heart Association), had 
radiographic evidence of cardiomegaly and pul- 
monary venous congestion, and required large main- 
tenance doses of diuretics. Five patients were in 
sinus rhythm and five had atrial fibrillation. Heart 
failure was due to dilated cardiomyopathy in four 
patients, coronary artery disease in five patients, and 
ш one patient it was associated with poor left ventric- 
ular function after mitral valve replacement (the 
mitral prothesis was found to be functioning nor- 
mally). 


INSTRUMENTATION 

Patients were studied after an overnight fast. One 
hour before catheterisation, diazepam (10 mg) was 
give intramuscularly and at the same time heparin 
(45 units/kg) was given intravenously to minimise 
the effect of a subsequent dose of heparin upon free 
fatty acid concentrations.) Right atrial and pul- 
monary artery pressures were measured by means of 
8 fluid filled coaxial catheter system from the right 
femoral vein. Cardiac output was measured in tripli- 
cate by the indocyanine green dye dilution method 
and an earpiece densitometer (Nihon Kohden MLC 
4100).? The coronary sinus was cannulated with a 
Ganz catheter (Wilton Webster Inc) from a left ante- 
cubital vein and its position was confirmed by the 
injection of contrast medium. This allowed coronary 
sinus blood to be sampled and coronary sinus flow to 
be measured. The long sheath technique!? was used 
to position a Millar multisensor catheter from the 
right femoral artery in the left heart for the mea- 
surement of high fidelity left ventricular and aortic 
pressures and aortic blood velocity. A pigtail cath- 
eter from the left femoral artery was positioned in the 
left ventricle for blood sampling and injection of 
contrast medium. The sternal angle was used as the 
zero reference point for pressure measurements. The 
electrocardiogram (standard lead II) was monitored 
throughout the study period. 


PROTOCOL 

Routine treatment for heart failure was not given to 
patients on the morning of the study. Conventional 
right and left heart catheterisation was performed. 
Another dose of heparin (45 units/kg) was given 
immediately after arterial catheterisation. Mea- 
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surements were made of pressure, and coronary arte- 
riography end left ventricular cineangiography 
(right anterior oblique projection) were performed. 
After this initial diagnostic procedure the patient’s 
haemodynamic state was allowed to stabilise for 20 
minutes before the start of the study. During the 
study period right atrial, pulmonary artery, left ven- 
tricular, and aortic pressures, and cardiac output and 
aortic blood velocity were measured simultaneously, 
and left ventricular and coronary sinus blood was 
sampled. Dopexamine was administered by con- 
tinuous intravenous infusion. The dose was 
increased at intervals of 10 minutes. The doses of 1, 
3, and 6 ug/kg/min are described as low, inter- 
mediate, and high doses respectively. Measurements 
were made during an initial control period and five 
minutes after each dose increment. After we had 
completed measurements at the highest dose of the 
drug tolerated by each patient we performed a sec- 
ond left ventricular cineangiogram during drug 
infusion. 


DATA ANALYSIS 

Pressure signals, the aortic blood velocity signal, and 
the electrocardiogram were displayed on a twelve 
channel Cambridge recorder. Recordings of 18 sec- 
onds duration were selected and converted to digital 
form by computer (Varian 600E) and then stored on 
disc for subsequent off line editing and analysis. The 
high fidelity left ventricular pressure records were 
used to derive the isovolumic phase indices of myo- 
cardial contractility: dP/dt,!! the maximum rate of 
pressure increase with time; and KVmax,!? the 
product of the series elastic stiffness constant and the 
velocity of contractile element shortening at zero 
load. The aortic velocity signal was used to derive the 
ejection phase indices of myocardial contracility: 
peak aortic blood velocity,!? and maximal acceler- 
ation of blood during ejection.!^ The aortic velocity 
signal was converted to volumetric flow by multi- 
plication by the aortic cross sectional area, which had 
been determined by echocardiography. This flow 
signal was then calibrated in vivo by setting the sig- 
nal of the stroke volume to equal that of the stroke 
volume derived from simultaneously performed 
indocyanine green dye measurements. Maximum 
rate of charge of power with time (dPower/dt)!5 was 
determined from the first derivative of the product of 
instantanecus aortic pressure and flow. Cardiac 
index, stroke volume index, and systemic and pul- 
monary vascular resistances were calculated from 
standard formulas. 

Blood oxygen content was measured by a LEX 02 
CON-TL. Left ventricular and coronary sinus blood 
samples were analysed for concentrations of lactate 
and pyruvate, hydroxybutyrate and aceto- 
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acetate, !” glycerol,!? free fatty асійѕ,!? and glucose. 
The extraction ratio of a substrate is defined as the 
difference between the arterial and coronary sinus 
concentration of that substrate expressed as a per- 
centage of the arterial concentration of the substrate. 
Coronary sinus blood flow was measured by con- 
tinuous thermodilution.?? Myocardial oxygen con- 
sumption was calculated as the product of coronary 
sinus flow and the arterial coronary sinus oxygen 
difference. Myocardial efficiency, relating the exter- 
nal work performed by the left ventricle (left ventric- 
ular minute work) to myocardial oxygen con- 
sumption, was estimated according to the formula of 
Bing and Michal.?! 

Left ventricular cineangiograms were analysed by 
a computer light pen system to give left ventricular 
volumes and ejection fraction. 


STATISTICAL ANALYSIS 

Results are expressed as means (SEM). Analysis of 
variance was used to test for treatment effect. If this 
was significant (p « 0-05) for a particular variable 
then the least significant difference method^? was 
used to determine the significance of differences 
between control and the three doses and among the 
three doses. 


Results 


HAEMODYNAMICS 

The data for measured and calculated haemo- 
dynamic variables are shown in Table 1 and in 
Fig. 2. When variables were significantly changed by 
dopexamine from their control value, the magnitude 
of the change was found to be dose related. Heart 
rate was increase from a control value of 90(5) 
beats/min to 120(6) beats/min at the high dose (33%, 
p «€ 0:001). Cardiac index rose in all patients from а 
control mean of 1:4(0:1) l/min/m? to 3-1(0:4) 
1/min/m? at the high dose (121%, p « 0:001). Stroke 
volume index increased from a mean of 16(2) 
ml/beat/m? to 26(4) ml/beat/m? at the high dose 
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Fig.2 Effect of treatment with three incremental doses of 
dopexamine on heart rate (HR), cardiac index (CI), 
stroke volume index (SVI), systemic vascular resistance 
( SVR), and pulmonary vascular resistance (PVR). 
Significance of the treatment effect 1s shown. The arrow 
head indicates the first dose at which a change from control 
was significant (p<0-05). Asterisks indicate when the 
effect of the dose was significantly different from the effect 
of a preceding dose (р<0 05). 
(6395, p<0-001). Both aortic and pulmonary artery 
pressures were essentially unchanged by dopex- 
amine administration and therefore, because flow 
was increased, calculated systemic and pulmonary 


Table 1 Effects (mean (SE)) of an intravenous infusion of dopexamine at three tncremental doses on aortic pressure 
(AP), pulmonary artery pressure (PAP), left ventricular end diastolic pressure (LVEDP), and mean right atrial pressure 








(RA) 
Control (n = 10) Dopexanune dose Significance* 
1@Кё[тїт (п = 10) З ug[kg[min(n = 10) — 6ug[ke[min(n = 8) 
AP (mm Hg) 
Systolic 90 (3) 92(3) 89 (3) 91 a NS 
Diastolic 64 (4) 63 (4j 59 (4) d NS 
Mean 76 (4) 76 (3) 73(4) 73(3) NS 
PAP (mm Hg) 
Systolic 41(4) 42(4) 42(5) 45 m NS 
Diastolic 2203) 2102) 19(5) 20(4) NS 
Mean 30 (3) 30 (3) 29 (4) 31(4 NS 
LVEDP (mm Hg) 23(3 2003) 1703) 18 р<001 
RA (mm Hg) 6(2 5(2) 4(2) 45 (2) р<005 


*Staustical significance of treatment effect NS, not significant. 
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vascular resistance were both reduced from 
2360(277) dyn s cm" to 1204(267) dyn s cm™* 
(p « 0-001) and from 339(99) dyn s сп ° to 261(82) 
dyn s cm ^? (p < 0-01) respectively. 

There were small reductions in both right and left 
heart filling pressures. Left ventricular end diastolic 
pressure was 23(3) mm Hg at control and fell to 18(3) 
mm Hg at the high dose. Mean right atrial pressure 
fell from 6(2) mm Hg to 4-5(2) mm Hg (p« 0-05). 

Left ventricular end diastolic and end systolic vol- 
ume were both reduced by dopexamine from 
388(33) cm? to 279(25) cm? (p<0-05) and from 
272(29) cm? to 195(23) cm? (p < 0-05) respectively. 
Ejection fraction was increased from 20(3) % to 
30(3) % (p<0-05). 


INDICES OF CONTRACTILITY 
The data for the various indices of contractility are 
shown in Fig. 3. The two isovolumic phase indices of 
myocardial contractility were both significantly 
increased during dopexamine infusion. dP/dt max 
rose from 646(50) mm Hg/s at control to 847(86) mm 
Hg/s at the high dose (p<0-001). Similarly KVmax 
was increased from 65(4)s to 88(12)s (р <0:01). 
Technically satisfactory velocity signals were 
obtained in seven of the 10 patients studied. The 
ejection phase indices of contractility were all 
significantly increased by dopexamine admunis- 
tration (p<0-01). Peak aortic blood velocity 
increased from a control value of 30(5) cm/s to 58(13) 
cm/s at the high dose level. Maximum acceleration of 
blood during ejection rose from 520(123) cm/s? to 
965(257) cm/s?. The maximum rate of change of 
power with time (dPower/dt) was increased from 
38(7) watts/s to 72(13) watts/s at the high dose. 
Fig. 4 illustrates the relation between two of these 
indices of contractility (max dP/dt and KVmax) and 
changes 1n heart rate. In only one patient at the low 
and intermediate dose levels was max dP/dt 
increased without concomitantly large increase in 
heart rate. KVmax was increased in four patients at 
the low dose level and in two of these four patients 
at the intermediate dose level without concomitantly 
large increase in heart rate. 


CORONARY HAEMODYNAMICS AND MYOCARDIAL 
METABOLIC RESPONSES 

The coronary sinus was successfully cannulated in 
eight of the 10 patients. The data for coronary hae- 
modynamics and myocardial metabolic responses 
are shown in Tables 2 and 3. Dopexamine produced 
small statistically insignificant increases in coronary 
sinus flow and myocardial oxygen consumption and 
increased myocardial efficiency from 7(3)% at con- 
trol to 12(4)% at the high dose level (p<0-01). 
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Fig.3 Effect of treatment with three incremental doses of 
dopexamine on maximum dP/dt, KVmax, peak aortic blood 
velocity, maximum acceleration of blood during ejection, 
and dPower(dt. Sigmficance of the treatment effect is 
shown. The arrow head indicates the first dose at which a 
change from control was sigmficant (p «0 05). Asterisks 
indicate when the effect of the dose was sgmficantly 
different from the effect of a preceding dose (p<0-05). 


In the total group the arterial concentrations of 
lactate, py-uvate, ketone bodies, and glucose did not 


_ change appreciably with dopexamine administration 


bur there was a significant increase in the arterial 
concentrations of glycerol and free fatty acids 
(р <0-05). Dopexamine reduced the myocardial 


д extraction of most substrates but this change was 


significant (p « 0 05) for free fatty acids only. During 
the control period two patients (one with coronary 
artery disease and one with congestive cardio- 
myopathy) were net myocardial producers of lactate. 
During dopexamine infusion the patient with coro- 
nary artery disease continued to produce lactate and 
another patient with coronary artery disease 
switched from being a net myocardial extractor of 
lactate to being a net producer of lactate, suggesting 
8 change to anaerobic metabolism. The patient with 
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Fig.4 Relation between change 1n heart rate and change 
in max dP/dt (a) and change т KVmax (b) in individual 
patients at low (1 g]hg mim) , intermediate (3 ug|Rg[mn), 
and high (6 ug|Rg[mimn) doses. 


congestive cardiomyopathy became a net extractor of 
lactate during dopexamine infusion but another 
patient with congestive cardiomyopathy changed 
from being a net extractor of lactate to being a net 
producer of lactate during dopexamine infusion. 


ADVERSE REACTIONS 

The low (1 ug/kg/min) dose was well tolerated by all 
patients. At the intermediate (3 ug/kg/min) dose two 
patients reported the symptom of tremulousness at a 
time when both had pronounced haemodynamic 
responses. Therefore we did not give these two 
patients the high (6 ug/kg/min) dose. Of the eight 
patients who were given the high dose, two patients 
(both with severe coronary artery disease) reported 
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mild chest pain typical of angina pectoris but which 
did not interfere with data collection and which 
resolved rapidly after discontinuation of the drug. 
No arrhythmias were detected during the study. 


Discussion 


'The aim of this study was to evaluate the acute 
effects of an intravenous infusion of dopexamine on 
haemodynamics and myocardial metabolic function 
in patients with chronic heart failure. The basal low 
values for cardiac index, stroke volume index, and 
ejection fraction and the high values for systemic 
vascular resistance and ventricular volumes testify to 
the severity of heart failure in the study group. The 
results of the study indicate that the drug has power- 
ful dose related effects; principally to increase car- 
diac index (maximum increase 12195) and stroke 
volume index (maximum increase 63%), and to 
reduce systemic vascular resistance (maximum 
reduction 49%) wihout altering pulmonary or aortic 
pressures. These changes, which are beneficial in 
patients with heart failure, occurred without a 
significant increase in myocardial oxygen con- 
sumption or alteration of myocardial metabolic func- 
tion. 

The pronounced reduction in systemic vascular 
resistance produced by dopexamine suggests that the 
drug has profound vasodilator properties; this 
accords with its postjunctional dopamine receptor 
stimulating and beta, adrenoceptor agonist actions. 
Our results give no indication of the vascular beds on 
which the drug has its principal action, but the large 
number of postjunctional dopaminergic receptors in 
the renal vascular bed and their relative paucity in 
the femoral vascular bed suggest that much of the 
increased cardiac output may be directed to the kid- 
neys. The small reductions observed in right and left 
ventricular filling pressures and pulmonary vascular 
resistance suggest that dopexamine has relatively 
little action on systemic capacitance vessels or on the 
pulmonary circulation and that its principal site of 
vasodilator action is the systemic arterial system 
(that is reduction of afterload). 

Although all of the isovolumic and ejection phase 
indices of myocardial contractility were significantly 
increased by dopexamine, these findings must be 
interpreted with caution. The contractile state of the 
ventricle is modulated by preload, afterload, and 
heart rate.?? All of these changed during the study 
and such changes may therefore have been 
responsible for the apparent increase in the level of 
myocardial contractility. It is instructive to compare 
the results of this study with those of a previous 
study performed in our laboratory on the haemo- 
dynamic effects of the vasodilator sodium nitro- 
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Table 2 Effects (mean (SE)) of an intravenous infusion of dopexamine at three incremental doses on coronary sinus flow 
(CSF), myocardial oxygen consumption (MVO,), left ventricular minute work (LVMW), and myocardial efficiency 


Control (n = 8) Dopexamine dose Sumficance* 
lug|kz[mim (n = 8) — 3ug|kg[min(n = 8) — 6ug[ke[mm(n = 6) 
CSF (ml/mm) 173 (50) 198 (64) 173(41) 229 (56) NS 
МУО, (ml/min) 22(7) 26(9) 21(5) 29 (10) NS 
LVMW (kg/m/mm) 1 6(0-7) 24(1) 3(09) 4102) p«0001 
Efficiency (90) 7, (3) 7(2) 9 (4) 12(4) р<001 


*Statistical mgnificance of treanment effect. NS, not significant. 


prusside in a similar group of patients with chronic 
heart failure.?* Sodium nitroprusside produced 
changes ın preload and afterload which resembled 
those produced by dopexamune, but in contrast heart 
rate was not altered and the isovolumic phase indices 
of contractility maximum dP-dt and KVmax were 
unchanged. It could be argued that the increase in 
the indices of contractility observed in our patients 
treated with dopexamine were secondary to an 
increase in heart rate. Analysis of individual 
responses which compared changes in heart rate with 
changes in the isovolumic phase indices seems to 
confirm this assertion with respect to maximum 
dP/dt (Fig. 4). There were several patients, however, 
in whom KVmax rose substantially at the low and 
intermediate doses without concomitant increases in 
heart rate (Fig. 4), a finding that may cautiously be 
interpreted as evidence that dopexamine has some 
direct positive inotropic action. 

The striking increases in cardiac ouput observed 
in all patients were mediated through both an 
increase in stroke volume and an increase in heart 
rate. Inspection of Fig. 2 suggests that at the low 
dose the effect of a stroke volume increase predom- 
inated but at the intermediate and high doses 
increased heart rate was an important contributory 
factor to the improvement in cardiac output. The 
increase in heart rate produced by dopexamine may 
be due either to a direct positive chronotropic action 


Table 3 Summary of metabolic results (mean (SE)) 


(beta, adrenoceptor mediated) or to a reflex tachy- 
cardia secondary to peripheral vasodilatation caused 
by the drug. We suggest that it is the former because 
when the “риге” vasodilator sodium nitroprusside 
was given to patients with heart failure there was a 
similar fall in systemic vascular resistance to that 
produced by dopexamine without a significant alter- 
ation in heart rate.?^ Administration of a drug with 
а positive chronotropic action to patients with coro- 
nary artery disease is potentially deleterious because 
myocardial ischaemia may be induced either by 
increased myocardial oxygen consumption?? or by a 
reduction in coronary artery diastolic filling time. 

The highly significant haemodynamic changes 
observed in our patients were associated with only a 
small and statistically insignificant rise in myocardial 
oxygen consumption. Myocardial oxygen con- 
sumption is determined by heart rate, the contractile 
state of the ventricle, and ventricular load.?? In our 
patients the positive chronotropic and possible posi- 
tive inotropic effects of dopexamine would both be 
expected to increase myocardial oxygen con- 
sumption, but this effect has in the main been offset 
by other drug induced reductions in components of 
left ventricular load such as systemic vascular 
resistance and left ventricular volume and end 
diastolic pressure. 

The effect of dopexamine on myocardial ener- 
getics can be examined by estimating myocardial 


Substance Control Dopexamimne dose 
1 pg] kg[min 3 ug[ kg[ mn 6 ug] kg[ min 
A-V ER 4 А-у ЕВ A A-V ER A A-V 
(мо) — (moll) — (96) (то) (шы) (96) (о) (mol/l) (%) (о) (mol/l) 
Lactate 069 0-09 12 067 007 14:8 0 72 0 06 9 0-87 0 005 
(01) (003) (14) (01 (0 02) (44) (011) (004) (56) (014) (0 04) 
Pyruvate 005 0 002 —49 004 0001 —21 0046 0001 —49 0-052 0 005 
(001) (0-003) (165) (001) (0004) (137) (0007) (0004) (112) (001) (0-007) 
Hydroxybutyrate 042 014 329 042 014 29-9 051 013 2 0 49 01 
(0-07 (002) (20) (008) (003) (36) (011) (003) (46) (0-18) (0-04) 
Acetoacetate 019 009 43-3 018 0-07 3 0-18 0-07 399 0-18 0-07 
(002 (001) (66) (002) (0 02) (62) (002) (001) (52) (004) (002) 
aia $5 dE 3505 db goda dm 5$ GH сш 
E 0 04 0 02 
Free fatty acids 0-86 015 171 101 $12 o? oe © "i © D 9 P Mor 
(0-08) (0 02) (29) (009) (65) (013) (0 07) (5 9) (013) (0 09) 
Glucose 6:2: 007 11 61 11 1-7 4 0-36 52 6-6 0 
(0-3) (0 08) (14) (05) (0 13) (22) (03) (0 13) (18) (03) (0 22) 


-- 
h 


"€ 


А, arterial concentration; А — V, arteriovenous concentration difference; ER, extraction ratio. *Significantly different from control value (p < 0 05). 
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efficiency, which relates the external work performed 
by the ventricle to myocardial oxygen consumption. 
In a normal heart myocardial efficiency is approxi- 
mately 40%.7!2 The very low basal value of 7% 
emphasises the severity of disturbance of myocardial 
energetics in our patients. Dopexamine significantly 
increased myocardial efficiency (p < 0-01) principally 
by an increase in external work performed by the left 
ventricle, since myocardial oxygen consumption was 
essentially unchanged. External work is determined 
by the extent of muscle shortening against Joad and 
therefore it can be inferred that many of the 
beneficial effects of dopexamine are due to favour- 
able alterations in ventricular loading. 

In most patients the pattern of myocardial sub- 
strate utilisation when control measurements were 
obtained was similar to results reported in the nor- 
mal heart?" but two patients (one with coronary 
artery disease and one with congestive cardio- 
myopathy) were net myocardial producers of lactate 
at rest and this indicates some degree of anaerobic 
metabolism. Dopexamine seemed to have no 
important actions on myocardial metabolic function; 
it had little effect on arterial concentrations, extrac- 
tion, and extraction ratios of most of the substrates 
measured. The small increase in the arterial concen- 
tration of free fatty acids is probably related to both 
the lipoprotein lipase activating action of heparin?® 
and the effect of fasting before and during the study. 
The reduction in the extraction ratio of free fatty 
acids is difficult to interpret. It may be spurious, 
because the free fatty acid arteriovenous concen- 
tration difference was narrow, and therefore small 
errors in measuring concentrations would have had 
a large effect upon estimated extraction. 

Dopexamine was well tolerated by the patients in 
this study and no arrhythmias were seen. Two 
patients reported tremor. This symptom has been 
described in similar groups of patients treated with 
beta adrenergic agonist drugs.???? At the high dose 
level two of the patients with severe coronary artery 
disease experienced mild chest pain typical of angina 
pectoris at a time when both had substantial 
increases in heart rate (> 30%). One of these patients 
was a net myocardial producer of lactate at rest 
(extraction ratio —23%,) and remained so at the high 
dose (extraction ratio —6%). The second patient 
was a myocardial extractor of lactate at rest, and the 
onset of chest pain was associated with evidence sug- 
gesting a switch to anaerobic myocardial metabolism 
(extraction ratio — 12%). In neither of these two 
patients was the increase in myocardial oxygen con- 
sumption (47 and 2:3 ml/min) at the high dose 
greater than in the group mean (6:5 ml/min) nor was 
the onset of chest pain associated with the devel- 
opment of electrocardiographic manifestations of 
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myocardial ischaemia. 

'The study results indicate that dopexamine has 
many beneficial haemodynamic properties in 
patients with heart failure, although its positive 
chronotropic action may limit its use in patients with 
coronary artery disease in whom the relation 
between myocardial supply and demand may be pre- 
carious. The precise mode of action of the drug 15 
uncertain but improved cardiac performance is 
probably due principally to its peripheral vasodilator 
properties, although it may also have a positive 
inotropic effect. Further clinical evaluation is 
required, particularly an assessment of the efficacy of 
dopexamine in the setting of acute pump failure and 
8 direct comparison of its actions with those of 
dopamine. 
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Respiratory gas exchange in the assessment of patients 
with impaired ventricular function 


DAVID P LIPKIN, JOHN PERRINS, PHILIP A POOLE-WILSON 


From the Cardiothoracic Institute and National Heart Hospital, London 


SUMMARY Respiratory gas exchange on exercise was evaluated as a non-invasive method of 
assessing patients with heart failure. Twenty four men (age 28-72) with symptomatic chronic 
stable heart failure (New York Heart Association class II-III) and ten controls aged 36-70 were 
studied. During treadmill exercise oxygen consumption and carbon dioxide production were 
measured continuously by analysis of mixed expired gas with a computerised mass spectrometer. 
The anaerobic threshold was defined as the oxygen consumption at which carbon dioxide prod- 
uction increased disproportionately in relation to oxygen consumption. 

Oxygen consumption was stable at rest and increased on exercise, reaching a steady state within 
three minutes of any change in workload. The measurements of maximum oxygen consumption 
at the end of exercise and of anaerobic threshold were reproducible (retest reliability coefficients 
90% and 91% respectively). There were significant differences in maximum oxygen consumption 
between functional classes. Similarly, there were significant differences in anaerobic threshold 
between classes, though there was considerable overlap. 

Measurement of oxygen consumption and anaerobic threshold provides an objective non- 


invasive assessment of patients with heart failure. 


The physiological stress of exercise has been widely 
used to evaluate the symptoms and cardiac function 
of patients with heart disease.’ ^ It should be possi- 
ble to assess the severity of heart disease and deter- 
mine functional capacity by measuring a patient’s 
response to exercise. Left ventricular function at 
rest as assessed by angiocardiography, echo- 
cardiography, or radionucleotide techniques cor- 
relates poorly with functional class.* Exercise hae- 
modynamic monitoring is invasive and is not 
without risk. Furthermore haemodynamic variables 
measured at rest or on exercise do not relate closely 
to exercise capacity in patients with severe heart fail- 
ure. 2$ z 

Recently, impaired cardiac function has been 
assessed by measuring oxygen consumption during 
exercise.?46 -8 Patients with congestive cardiac fail- 
ure have a reduced maximum aerobic exercise capac- 
ity because of inadequate transport of oxygen to 
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working skeletal muscle? Lactic acid is generated by 
anaerobic metabolism in skeletal muscle. Buffering 
of lactic acid by bicarbonate generates carbon diox- 
ide in excess of that resulting from oxidative metab- 
olism. An aerobic-anaerobic threshold was first pos- 
tulated over 20 years ago,? and is thought to be 
reflected by a sharp increase in plasma lactate. Mea- 
surement of anaerobic threshold has been proposed 
as an objective means of assessing aerobic capac- 
ity.!?71? The clinical importance of such a mea- 
surement in cardiac patients is less certain. We used 
a mass spectrometer linked to a computer to analyse 
mixed expired air and thus determine maximum 
oxygen consumption and anaerobic threshold in 
patients with cardiac failure. We investigated the 
reproducibility of the test and the relation of oxygen 
consumption and anaerobic threshold to the severity 
of heart failure. 


Patients and methods 
We studied patients who had had stable symptom- 


atic heart failure for more than three months with 
exercise intolerance due to dyspnoea, fatigue, or 
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aching legs. In addition patients had cardiomegaly, 
defined as a cardiothoracic ratio >55% on chest 
radiograph, and left ventricular ejection fraction 
<45% on radionucleotide angiography or echo- 
cardiographic study. Twenty four men (mean age 
was 50 years, range 28-72) entered the study. The 
cause of heart failure was coronary artery disease in 
15, dilated cardiomyopathy in six, hypertensive 
heart disease in two, and valvar regurgitation in one. 
Individual drug therapy was recorded. Patients with 
myocardial infarction during the previous six 
months, evidence of myocardial ischaemia or ven- 
tricular arrhythmias on exercise testing, obstructive 
valvar heart disease, pulmonary disease (documen- 
ted by pulmonary function tests), or an inability to 
exercise for any reason other than dyspnoea or 
fatigue were excluded from the study. 

Ten men (mean age 48 years, range 36-70) who 
were free of heart disease on the basis of history, 
physical examination, and 12 lead electrocardiogram 
were also studied. All patients and controls gave 
written consent to the study. 

Functional class was assessed by modified criteria 
of the New York Heart Association!*: (I) No undue 
symptoms on strenuous exercise; (11) able to walk 
indefinitely without slowing pace and (a) climb two 
flights of stairs or (b) unable to climb two flights of 
stairs; (III) walk at a reduced pace on the flat (a) 
indefinitely at a reduced rate or (b) have to stop; (IV) 
symptoms at rest. Functional class was also assessed 
by a specific activity scale (1981).!5 Patients were 
asked to fill in a standardised questionnaire on their 
symptoms. 


EXERCISE TEST 

АП patients underwent at least three exercise tests 
over two to 14 days. In 10 patients four exercise tests 
were performed. Patients exercised three hours after 
a light meal, at the same time of day, and three hours 
after a last dose of any vasodilator therapy. 

Each patient underwent progressive treadmill 
exercise testing which followed a heart failure proto- 
col (stage 1, 1 mph (1:6 km/h) with 0% gradient; 
stage 2, 1:5 mph (2:4 km/h) with 0% gradient; stage 
3, 2 mph (3-2 km/h) with 0% gradient; stage 4, 2:5 
mph (4 km/h) with 0% gradient; stage 5, 2-5 mph 
with 2:5% gradient; stage 6, 2-5 mph with 5% gra- 
dient; stage 7, 2:5 mph with 7-5% gradient; stage 8, 
2:5 mph with 10% gradient; stage 9, 2-5 mph with 
12-596 gradient. Each stage lasted 6 minutes. 

Patients were encouraged to exercise unti] they felt 
unable to continue. The exercise test was stopped at 
the patient's request and the reason for stopping was 
recorded. The ten controls followed both the heart 
failure protocol and the Bruce protocol to determine 
their maximum oxygen consumption. 
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MEASUREMENT OF RESPIRATORY GAS EXCHANGE 
Oxygen consumption and carbon dioxide prod- 
uction and minute ventilation were determined by 
the method of Davies et al! and as described below. 
Each subject wore a head support and J respiratory 
valve (Collins) and nose clip. Expired air was sam- 
pled from different ports on a seven litre mixing box 
(Airspec). 10095 argon was added to the inlet port of 
the mixing box at a known flow rate. We used a mass 
spectrometer (Centronic Q806) to analyse mixed 
expired oxygen, nitrogen, carbon dioxide, and argon 
from the mixing box. The output of the spectrometer 
was known to be linear (« 194 deviation) over the 
range of gas concentrations measured. The four 
channel output from the spectrometer was linked to 
a BBC B computer via the analogue to digital con- 
verter within the computer. Minute ventilation (VE) 
at body temperature, pressure, and saturation 
(BTPS) was calculated as follows: 

VE = Margen x (100 — F,, Ar) x 0-863 — (Frox 

Ar — Бү Ar) x (barometric pressure (mm Hg) — 47) 
1min^! BTPS 

M argon = argon flow (mlmin !) x barometric 
pressure (mm Hg) x 273 — 760 x (273 + room 
temperature °C)) 

where M argon is argon flow in millilitres (at stan- 
dard temperature and pressure, dry (STPD)) per 
minute; F,,, Ar is percentage concentration of argon 
in mixing box; and F, Ar is percentage concentration 
inspired argen (0-93%). 

Oxygen consumption (VO) in millilitres per minute 
(STPD) was calculated as follows: 


. Margon (100—F, Ar) 
VO; = To0¢ Ar ЕА) Аг Агу * 
| (Ee x 22 _F, о, | 
1-42 


where F,O, is percentage inspired oxygen (20:93%); 
F,,.,O2 is percentage of oxygen in mixing box; 
F,,,.N, is percentage of nitrogen in mixing box; FN; 
is percentage of inspired nitrogen (78-09%). 
Carbon dioxide production (VCO,) in millilitres per 
minute (STPD) was calculated as follows: 
C . Margon(100 — F, Ar) 
VCO; = то (E, "Ar — F, Ar) 
where F o СО, = percentage carbon dioxide in 
mixing box. 
Respiratory quotient (RQ) was calculated as 
УСО, + VO,. 
Results for VO, and anaerobic threshold were 
expressed per kg bodyweight unless stated other- 
wise. 


The computer sampled mixed expired gas every 





x F,,, СО, 


— 
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second and averaged the results for 30 seconds. 
Graphs of VO, against time, vo, against VCO,, 
VO, against ventilation rate, and VO, against heart 
rate were plotted at the end of an experiment. 

To validate the measurements of VE, VO,, and 
VCO,, expired gas was collected from the exit port 
of the mixing box into a Douglas bag. The volume of 
gas collected was measured by a Parkinson-Cowan 
gas meter and the concentrations of mixed expired 
gas were analysed with the spectrometer. The cali- 
bration of the gas meter was checked with a BOC 
flow meter. The response time of the equipment was 
assessed by pumping air into the mixing box with a 
Rudolph syringe. Sudden changes in "ventilation" 
(0 to 15 litres, 15 to 20 litres, 20—30 litres, 30—40 
litres, 40—50 litres, 50—60 litres) were made and the 
time taken to reach >95% of the final minute venti- 
lation was recorded. 


MEASUREMENT OF ANAEROBIC THRESHOLD 

The point at which carbon dioxide production 
increased disproportionately in relation to oxygen 
consumption was determined by two methods. It 
was determined subjectively by three independent 
observers from a graph plotting VO, against VCO,. 
А satisfactory statistical technique to determine this 
point is not available. The following method was 
chosen. Maximum oxygen consumption was mea- 
sured. The respiratory quotients for individual 
points up to 50% maximum VO, (55% if maximum 
VO, « 1 litre) were averaged and two standard devi- 
ations were calculated. Subsequent points were 
looked at in groups of three, that is over a period of 
1-5 minutes. If two out of three respiratory quotients 
fell outside two standard deviations of the mean RQ 
then the first of the two points was taken and the VO, 
at the time was recorded as the anaerobic threshold. 
Variation in results between observers and methods 
was analysed. 


STATISTICAL ANALYSIS 
Results are quoted as mean and standard error. 
Interclass differences were assessed by one way anal- 
ysis of variance and Student's t test. The 
reproductibility of measures of oxygen consumption 
and anaerobic threshold was determined by means of 
the retest reliability coefficient (Rtt): 
total variance reading ] — error variance 
total variance reading 1 





x 100% 


where error variance equals (reading 1 — reading 2)? 
— number of patients. 


Results 


Vahdation of the technique 
Gas concentrations in three different samples of 
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each gas were measured by spectrometer. The 
difference between actual concentration and the 
measured value was «195. 

Douglas bag collections. The argon dilution tech- 
nique underestimated VE and subsequent VCO, 
and УО», when compared with Douglas bag mea- 
surements for minute ventilation of approximately 
10, 20, and 60 litres, by Q76, 3%, and 2% 
respectively. 

Response time to changes in minute ventilation. After 
sudden changes in ventilation the time taken to reach 

95% of the final value was <1 min. 

New York Heart Association (NYHA) and specific 
activity scale criteria of assessment. Ten patients were 
NYHA class IT, 14 NYHA class III (four NYHA 
class IIIA, 10 NYHA class IIIB). As judged by the 
specific activity scale assessment four were class I, 
six class II, 12 class III, 2 class IV. 


Drug therapy 

All patients were taking diuretics—mean dose of 
frusemide was 60 mg for patients in NYHA class 11 
and 110 mg for those in class III. Vasodilator treat- 
ment included captopril (one patient NYHA class IT, 
nine patients NYHA class III), nitrates (one patient 
NYHA class II, two patients NYHA class III); and 
nine patients were taking digoxin, seven of them 
were in sinus rhythm. 


Reproducibility of oxygen consumption measurements 
All patients underwent at least three exercise tests. 
After an initial test to familiarise patients with the 
treadmill maximum oxygen consumption was mea- 
sured during the second and third exercise tests. The 
results of these two tests were compared. There was 
no relation between the error variance and the max- 
imum oxygen consumption on the second exercise 
test (r=0-08). Therefore the group was analysed as 
a whole. 

The retest reliability coefficient for maximum oxy- 
gen consumption was 90:5% for heart failure 
patients and 89-9% for controls. The mean maxi- 
mum oxygen consumption during the third exercise 
test was 1% greater than that during the second 
exercise test (not significant). 

In 10 patients (three New York Heart Association 
class II, three class IIIA, four class IJIB) a fourth 
exercise test was performed. In eight patients max- 
imum oxygen consumption assessed in the fourth 
exercise test did not differ by more than 10% com- 
pared with the third exercise test but in two patients 
it was greater by 16%, and 3894. This difference was 
associated with increases in exercise duration of 60%, 
and 42%, respectively. 





5 0 6 2 в 2 
Ехегоѕе duration (min) 

Fig.1 Oxygen consumption (VO,) m relation to duration 
of exercise їп one patient. The graph shows a stepped 
increase їп oxygen consumption during treadmill exercise 
(@) and a sharp mcrease in VO, from resting state to 
stage 3 of treadmill protocol (О). A steady state for oxy- 
gen consumption was reached in three minutes. 
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Reproducibility of anerobic threshold measurements 
In five patients the anaerobic threshold could not be 
assessed because of the scatter of respiratory quo- 
tient measurements. There was good correlation 
among three observers when the anaerobic threshold 
was assessed by direct inspection (r-— 0:99, 0-98). 
There was a strong correlation (r= 0-97) between the 
results of direct inspection and those of objective 
assessment. The retest reliability coefficient for 
anaerobic threshold measurement for the second and 
third exercise tests was assessed for direct inspection 
and objective analyses of the measurement. The Rtt 
for assessment by direct inspection was 96%, and for 
objective assessment it was 91%. In the two patients 
where maximum oxygen consumption differed by 
16% and 38% for the third and fourth exercise tests 
the anaerobic threshold measurements differed by 
only —9% and 6% respectively. 
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Fig.2 Relation between oxygen consumption (VO,) and 
exercise stage 1n controls and patients m New York Heart 
Associaton classes II and III. 
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Modified NYHA 
Fig.3 Oxygen consumption 1n controls and cardiac 
patients. Relation between maximum oxygen consumption 
(VO, max) ача functional class according to modified New 
York Heart Association (NYHA) class specific activity 
scale. Means cre indicated. 


Oxygen consumption with increasing workload 

No patient reached a plateau of oxygen consumption 
with increasing workload (oxygen consumption 
increase of <1 ml kg ^ ! шіп! over previous work- 
load)? despite repeat exercise testing. After each 
change in workload, oxygen consumption reached a 
peak for that workload within three minutes (Fig. 1). 
At submaximal workloads oxygen consumption was 
similar in controls and in patients with heart failure, 
but it was lower in New York Heart Association class 
III patients who completed stage 6 compared with 
controls at the same treadmill state (p<0-05) 
(Fig. 2). 


Maximum oxygen consumption related to functional 
class 

There was a significant difference in maximum oxy- 
gen consumption (ml kg~! тіп!) between func- 
tional classes (Fig.3). Maximum oxygen con- 
sumption results for the controls and patients in each 
New York Heart Association class were as follows: 
controls 40-1(2-1), class II 19 7(1-4), class IIIA 
13-3(1-1), class ПІВ 13-1(0-52). The following 
differences were tested for statistical significance: 
controls vs New York Heart Association class II 
(p <0-0001); II vs IIIA (p « 0-01); and IIIA ws ПІВ 
(not significant). Maximum oxygen consumption for 
each specific activity scale class were as follows: I, 
22-0(1.9; II, 16:0(1-6); III, 14:4(0:83); ТУ 
10-7(0-54). The following differences were tested for 
statistical significance: controls vs specific activity 
scale class I (р « 0-002); I vs II (p « 0:02); II vs ПІ 
(not significant); and III vs IV (not significant). 


Respiratory gas exchange and impaired ventricular funcion 


30 


к 
л 


VO2 max (ті kg^! min") 





0 10 20 30 40 50 60 
Exercise duration (min) 

Fig.4 Exercise duration їп cardiac patients. Relation 
between maximum oxygen consumption (VO, max) and 
exercise duration. The change 1n exercise duration and 
maximum oxygen consumption between exercise tests 2 and 
3 ts shown. The dot represents result of exercise test 2 and 
the line represents the change between test 2 and test 3 


Maximum oxygen consumption related to exercise 
duration 

Maximum oxygen consumption correlated with 
exercise duration though there was considerable 
variation in exercise duration between patients with 
similar maximum oxygen consumptions (Fig. 4). 
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Fig.5 Oxygen pulse at start and end of exercise and its 
relation to New York Heart Association (NYHA) func- 
попа class. 
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Fig.6 Anaerobic threshold in normal subjects and cardiac 
patients and its relation 10 functional class according to 
modified New York Heart Association criteria and specific 
activity scale. Mean values are indicated 


Although there was no significant difference in max- 
imum oxygen consumption between exercise tests 2 
and 3, exercise duration was longer in exercise test 3 


` (Fig. 4) (31 vs 26 minutes, p « 0:05). 


Maximum oxygen consumption related to heart rate 
There were significant differences in oxygen pulse 
(oxygen consumption divided by heart rate)!" at the 
end of exercise between controls and New York 
Heart Association class II patients (p « 0-002) and 
class ЇЇ and class III patients (p <0 03) (Fig. 5). 


Anaerobic threshold related to functional class 
Anaerobic thresholds (mlkg"! тіп!) for controls 
and for patients in each New York Heart Association 
class were as follows (Fig. 6): controls, 27:5(3:0); 11, 
15 7(1 2); ША, 11 7(0-7); ПІВ, 11-3(0-4). The fol- 
lowing differences were tested for statistical 
significance: controls vs New York Heart Associ- 
ation class II (p « 0-001); II vs ПА (р < 0-007); IIIA 
vs IIIB (not significant). Anaerobic thresholds for 
patients in each specific activity scale class were as 
follows: I, 17-3(1 0); IT, 13-0(0-7); ПІ, 11 8(0 5), IV, 
9-5(0-5). The following differences were tested for 
statistical significance: controls vs specific activity 
scale class I (p <0 03); I vs II (p « 0-05); H vs III (not 
significant). 


Exercise duration related to functional class 

Patients exercised for a shorter time as the degree of 
their functional impairment increased, though there 
was considerable variation (Fig.7). The exercise 
duration of patients in various New York Heart 
Association classes was as follows: II, 39 7(3-3); 
IIIA, 27 6(5); IIIB, 19-1(2-9). The exercise duration 
of patients in specific activity scale classes were as 
follows: I, 44-3(3-5); П, 30-2(4-8); III, 24-9(3-2); IV, 





Пп ША ШВ І 
Modified NYHA 


п ш IV 
Specific activity scale 
Fig.7 Exercise duration in cardiac patients and its 
relation to functional class according to modified New York 


Heart Association criteria and specific acttvity scale. Mean 
values are indicated. 


15-5(1:3). The differences between New York Heart 
Association classes II and IIIA (p<0-04) and 
specific activity scale classes I and II (p « 0-03) were 
statistically significant. 


Discussion 


The severity of heart failure is usually graded 
according to the level of physical activity at which 
dyspnoea and fatigue appear. À more objective anal- 
ysis is desirable in order to classify patients with 
heart failure and to assess the efficacy of treatment. 
Measurement of respiratory gas exchange may pro- 
vide a non-invasive means of assessing functional 
capacity and cardiac reserve.?497 

In highly motivated normal subjects oxygen con- 
sumption increases with increasing workload and 
then reaches a definite plateau.!? The plateau repre- 
sents the physiological limit of oxygen consumption 
and is a measure of the total aerobic capacity of the 
individual. Weber etal noted a similar response to 
treadmill exercise in patients with heart failure.’ In 
the present study no such plateau was demonstrated 
despite patients being encouraged to continue the 
test until their symptoms became uncomfortable 
(Fig. 1). Maximum oxygen consumption was there- 
fore symptom limited in these patients. There are 
two explanations for this difference between studies. 
First, the protocol used by Weber etal? may have 
produced an artificial plateau effect because the 
increments in workload at the end of the protocol 
were smaller than those at the beginning. Second, 
oxygen distribution in the body may not have equil- 
ibrated in the final stage of exercise. In the present 
study it took three minutes before oxygen con- 
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sumption reached a steady state after a change in 
workload (Fig. 1). Consequently if the exercise test 
continued for less than three minutes at the final 
workload oxygen consumption would appear to have 
reached a plateau. Oxygen consumption probably 
failed to reach a plateau in our patients because they 
stopped exercising when symptoms began rather 
than when oxygen consumption reached its limit. 

Maximum oxygen consumption was related to 
functional class as assessed by the New York Heart 
Association and specific activity scale criteria and 
there were statistically significant differences 
between some classes (Fig. 3). In other studies there 
was no significant difference in oxygen consumption 
between New York Heart Association classes II and 
III.?? The definition of New York Heart Association 
class II that we used was not the same as the original 
definition!^ that was used by Weber etal? and 
Franciosa® and this probably accounts for the 
differences between studies. 

In most individuals there was little change in 
maximum oxygen consumption when exercise 


. testing was repeated over several days. Although 


maximum oxygen consumption in tests 2 and 3 was 
not significantly different, exercise duration and 
hence measured workload was significantly greater 
in test 3 because patients had became accustomed to 
walking on the treadmill. This result demonstrates 
that a change in treadmill performance is not a 
reliable indicator of a change in cardiorespiratory 
reserve. 

Oxygen consumption generally was similar in con- 
trols and in patients with heart failure, but it was 
lower in New York Heart Association class III 
patients who completed stage 6 than in controls at 
the same treadmill stage (Fig. 2). This finding is con- 
sistent with other studies.?!? Cowley et al, however, 
reported large differences in oxygen consumption 
between controls (50% higher) and patients with 
heart failure who exercised at a workload comparable 
to stage I of our protécol.?° The difference occurred 
at the first stage of exercise and remained almost 
constant despite increasing exercise loads. A possible 
explanation is that their controls had not practiced 
on the treadmill and that anxiety and poor treadmill 
walking technique affected measured oxygen con- 
sumption. These factors may also explain the scatter 
of results for exercise duration and oxygen con- 
sumption noted in our study (Fig. 4). 

If measurement of maximum oxygen consumption 
is to be useful in the assessment of patients with heart 
failure it must reflect cardiac status. Bias due to 
motivation of the patient is inherent in the mea- 
surement of maximum oxygen consumption. Mea- 
surement of anaerobic threshold may be a more 
objective method of assessing functional capacity. 
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Respiratory gas exchange analysis has been used to 
identify the aerobic/anaerobic threshold in patients 
with heart failure.*!?? The threshold is reached 
when there is a disproportionate rise in carbon diox- 
ide production relative to oxygen consumption. This 
point occurs at approximately 60% of maximum 
oxygen consumption!? and before exercise is ended 
by the patient. The physiological importance of the 
anaerobic threshold is uncertain but the threshold is 
associated with a rise in plasma lactate?? and will 
occur when the rate of lactate production exceeds the 
rate of its metabolism. Plasma lactate increases dur- 
ing anaerobic metabolism as a consequence of an 
inadequate oxygen supply to active tissue?* and lac- 
tate is metabolised mainly in the liver. In heart fail- 
ure lactate metabolism may be reduced because of 
impaired hepatic blood flow and hepatic congestion. 
In rats training increased the anaerobic threshold not 
by reducing lactate production but by increasing lac- 
tate clearance.?5 Thus, the lower anaerobic thresh- 
old observed in patients with severe heart failure 
may reflect both diminished blood flow to exercising 
muscle and reduced lactate clearance. 

In the present study the anaerobic threshold could 
easily be determined by respiratory gas mea- 
surement in most patients, but in 21% of patients the 
scatter of respiratory quotient measurements pre- 
vented assessment by this method. Irregular breath- 
ing patterns resulted in transient fluctuations in 
expired carbon dioxide levels. This effect was seen in 
most patients at the start of exercise but persisted in 
some patients throughout the test. To minimise this 
artefact respiratory gas measurements made during 
the first minute of exercise were excluded from the 
assessment of the anaerobic threshold. In individual 
patients, repeated exercise testing reduced the scat- 
ter in the respiratory quotients measurements sug- 
gesting that anxiety was partly responsible. The 
effect was most pronounced in patients with the 
poorest exercise tolerance. 

As expected the anaerobic threshold was lowest in 
the patients with more severe heart failure, though 
there was considerable overlap between functional 
classes (Fig. б) as was also reported by Matsumura 
et al.?? 

Any change in functional class in an individual 
patient would be expected to be accompanied by a 
change in anaerobic threshold. When maximum 
oxygen consumption alters without a change in the 
anaerobic threshold a change їп cardiac status is 
questionable. In two patients maximum oxygen con- 
sumption increased by 16% and 39% in successive 
exercise tests yet the anaerobic threshold changed by 
— 69, and +9% respectively and this suggests that 
a change in functional class had not occurred, but 
rather that patient motivation had altered between 
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the two tests. 

In conclusion, maximum oxygen consumption 
and anaerobic threshold can be reliably measured in 
patients with impaired ventricular function. In most 
patients measurement of maximum oxygen con- 
sumpton is reproducible but since it is partly deter- 
mined by patient motivation 1t may change in the 
absence of a change in cardiac function. Mea- 
surement of maximum oxygen consumption alone 
can be misleading, but together with knowledge of 
the anaerobic threshold and exercise duration it pro- 
vides an objective and accurate means of classifying 
and following patients with heart failure. 
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Case reports 





Hypertrophic cardiomyopathy SHE an infiltrative 
myocardial disease 


ANDREA Т FRANCESCO LOPERFIDO, FAUSTINO PENNESTRI 
From the Institute of Cardiology, Untversità Cattolica S Cuore, Rome, Italy 


SUMMARY Congestive heart failure developed in a patient with low electrocardiographic QRS vol- 
tages, diffuse thickening of the septum and free cardiac wall, and a reduction in left ventricular 
internal diameter, which suggested an infiltrative heart muscle disease. Histological examination at 
necropsy showed hypertrophic cardiomyopathy with symmetrical left ventricular hypertrophy. 
Myocardial disarray of type 1À disorganisation was extensive and equally distributed in the ven- 
tricular septum and the left anterior and left posterior ventricular free walls. Severe fibrosis (4096) 
was also present and may have been a possible cause of the electrocardiographic abnormalities as 


well as of the lack of ventricular dilatation. 


Hypertrophic cardiomyopathy, particularly at an 
advanced stage, manifests physical signs! ? and elec- 
trocardiographic? and echocardiographic* changes, 
which aid 1n the clinical diagnosis. Congestive heart 
failure may complicate advanced hypertrophic car- 
diomyopathy and make the diagnosis more difficult. 
We report a patient with congestive heart failure in 
whom electrocardiographic and echocardiographic 
changes suggested an infiltrative heart muscle disease 
and histological examination at necropsy showed typi- 
cal features of hypertrophic cardiomyopathy with 
symmetrical left ventricular hypertrophy. 


Case report 


А 70 year old man was admitted because of congestive 
heart failure. For the previous two months he had 
complained of fatigue and dyspnoea, which were 
progressive and accompanied by oedema in the lower 
limbs and ascites. His clinical and family histories 
were unremarkable: in particular he denied any pre- 
vious history of systemic hypertension or heart mur- 
murs or instance of sudden death in first degree rela- 
tives. 

Previous chest radiographs and electrocardiograms 
were unavailable. On physical examination he was in 
great distress with anasarca and jugular venous con- 
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gestion. His heart rate was regular at 110 beats/min. 
The heart sounds were muffled and a gallop rhythm 
was present. No cardiac murmurs were heard. Blood 
pressure was 100/80 mm Hg. Chest radiographs 
showed mild cardiomegaly, pulmonary congestion, 
and a bilateral pleural effusion. Renal function tests 
and examination of the ocular fundus were normal, 
and possible cardiac damage secondary to chronic 
high blood pressure was excluded. 

An electrocardiogram (Fig. 1a) showed low QRS 
voltages, first degree atrioventricular block (PR inter- 
val 0-26 ms), and poor progression of the R wave in 
the right precordial leads. Cross sectional echocar- 
diography (Fig. 1b) showed diffuse severe thickening 
of the interventricular septum as well as of the left and 
right ventricular free walls. The left ventricular end 
diastolic dimension was reduced (37 mm); the right 
ventricular maximum dimension assessed in the four 
chamber apical projection was 27 mm. Mild left ven- 
tricular hypokinesia was present. Left and right atrial 
sizes were within normal limits. The inferior vena 
cava and hepatic veins were dilated. An M mode 
echocardiogram showed anterior motion of the mitral 
valve leaflet and a reduced E-F slope; systolic motion 
was normal. Tricuspid, aortic, and pulmonary valve 
movement was normal. The thickness of the interven- 
tricular septum and the posterior wall was 23 mm at 
the level of the mitral valve tip and papillary muscles. 

Because of the congestive heart failure, treatment 
with digoxin 0-125 mg/day, diuretics (frusemide 25 
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Fig. 1 
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(a) Cross sectional echocardiograms in the two chamber apical view (top), ihe four chamber apical view (middle), and the 


four chamber subxiphoid view (bortom) showing diffuse thickening of the septum and ventricular free walls and a small left ventricular 
cavity. (b) Standard electrocardiogram showing fest degree atrioventricular block, low QRS voltages in the peripheral leads , and 


poor progression of R wave in the right precordial leads. 


mg/day and spironolactone 100 mg/day), and salt free 
albumin 25 g/day was started. Seven days later the 
patient's clinical condition improved. The ascites and 
peripheral oedema disappeared and the pleural effu- 
sion was no longer visible on radiographs. The elec- 
trocardiographic abnormalities were unchanged and 
the heart rate was reduced to 85 beats/min. А ven- 
tricular endomyocardial biopsy was not undertaken as 
the patient suffered a stroke and died on the tenth day 
of admission. 


NECROPSY FINDINGS 

On macroscopic examination the heart was hyper- 
trophied and firm to the touch. The hypertrophy was 
concentric, the septum and posterior and lateral free 
walls each measuring 23 mm at mid-ventricular level. 
The left ventricular cavity was reduced in size, but the 
right one was normal. The atrioventricular valves 
were thickened along the free margin. The endocar- 
dium showed no abnormality. Apart from minor 
arteriosclerotic thickening, the coronary arteries were 
normal. No necrotic or fibrotic areas were seen. 


Histological examination 

Method—Tissue sections were taken from the sep- 
tum and the znterior and posterior left ventricular free 
walls about halfway between the aortic valve and left 
ventricular apex. In the anteroposterior plane the tis- 
sue sections were obtained from the full thickness 
of the ventricular septum, the anterior left ventri- 
cular free wall about 2 cm from the left anterior 
descending coronary artery, and the posterior left 
ventricular free wall between the papillary muscles. 
АП ussue specimens were fixed in 10% formalin and 
embedded in paraffin. Five micrometre thick sections 
were cut on a base sledge microtome and stained with 
haematoxylin and eosin, Miller's elastic van Gieson 
stain,* and congo red (for amyloid). The diameter of 
the myocardial fibres in the area of the nucleus was 
measured at a magnification of x460. The inter- 
stitium was measured using a grid and point counting 
system.® Cardiac muscle cell disorganisation was 
quantified using Maron's grading system.’ 

Findings—In the middle layer of the myocardial 
wall, the septum, and the left anterior and posterior 
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Fig.2 Photomicrograph 


showing severe hypertrophy with type IA disorganisation of 


"M 






myocardial fibres and extensive fibrosis interrupting the cardiocytes . (Haematoxylin and 


eosin X100.) 


ventricular free walls the myocardial fibres were 
severely hypertrophied (measuring 60 шт in diam- 
eter) and in total disarray. In particular, adjacent car- 
diac muscle cells cut longitudinally were aligned per- 
pendicularly or obliquely to each other (Fig. 2) in 
accordance with the type 1А disorganisation of 
Maron's classification." Quantitative analysis of the 
distribution of myocardial cell malalignment in the 
three regions of the left ventricle showed that the 
mean area of disorganised muscle cells per section was 
45% in the left ventricular septum, 4496 in the left 
anterior ventricular free wall, and 44-596 in the left 
posterior ventricular free wall. The nuclei were 
bizarre in shape, and several were surrounded by a 
clear zone, the so called perinuclear halo. The inter- 
stitium was severely widened, occupying more than 
40% of the areas assessed morphometrically; the 
interstitum projected between the myocardial fibres 
and interrupted the cardiocytes (Fig. 2). The special 
staining for amyloid showed a negative result. The 
histological hypertrophic cardiomyopathy index was 
80%, which is well within the limit of diagnostic relia- 
bility for hypertrophic cardiomyopathy.* 


Discussion 


The histological features in our patient were typical of 
hypertrophic cardiomyopathy. The diagnosis was 
supported by the presence of severe hypertrophy with 
disarray of myocardial fibres, bizarre shaped nuclei, 
extensive fibrosis, and a perinuclear halo, which 
together produced a diagnostic hypertrophic car- 
diomyopathy index of 8096.* Because of the diffuse 


thickening of the left ventricular wall (septa! to pos 
terior wall thickness ratio 1-0), this patient had a 
symmetrical form of hypertrophic cardiomyopathy 
Shapiro and McKenna reported the clinical findings 
in patients with hypertrophic cardiomyopathy and 
symmetrical left ventricular hypertrophy.” To our 
knowledge, however, the necropsy findings in such 
patients have not yet been reported. 

In our case, a qualitative analysis of cardiac muscle 
cell alignment showed a type 1A disorganisation 
according to Maron et al’s classification.’ The extent 
of myocardial cell malalignment, studied quantita 
tively by Maron’s grading system, was great (mean 
area of disorganised cells per section 44-596) and 
equally distributed in the septum and the left anterior 
and left posterior ventricular free walls 

Further features of our patient were the unusual 
clinical presentation and the echocardiographic 
findings. Cross sectional echocardiography showed 
severe thickening of the interventricular septum and 
the left and right ventricular free walls. The left ven 
tricular cavity was considerably reduced in size and 
left ventricular contractility was slightly decreased. In 
the absence of systemic hypertension or aortic valve 
disease these findings are consistent with an infiltra 
tive heart muscle disease or hypertrophic car 
diomyopathy. The electrocardiographic changes of 
low QRS voltages were, however, more suggestive of 
the first process. ! Nevertheless, the clinical as well as 
the necropsy findings failed to show any common 
cause for these electrocardiographic abnormalities. In 
particular, the heart was normally sited in the chest, 
and a pericardial effusion as well as pulmonary 
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emphysema were absent. A possible explanation for 
the low voltages in this case of hypertrophic car- 
diomyopathy may have been the extensive fibrosis 
which occupied more than 40% of the areas assessed 
morphometricaly. Some authors have reported 
patents with hypertrophic cardiomyopathy in whom 
the QRS voltages had fallen over approximately 10 
years.? We suggest that fibrosis in hypertrophic car- 
diomyopathy 1s a progressive time-dependent 
phenomenon that produces. electrical loss "if life 
threatening ventricular arrhythmias do not interrupt 
its natural course. 

Cardiac failure in patients, with hypertrophic car- 
diomyopathy is rarely associated with left ventricular 
dilatation!!^!? and mostly affects patients who have 
undergone myotomy-myectomy.!? In our patient the 
extensive fibrosis could have prevented the develop- 
ment of cardiac dilatanon. Quanttative studies-of a 
large number of patients with hypertrophic car- 
diomyopathy and congestive heart failure would be 
required fo test this hypothesis. 
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Management of aortic left ventricular tunnel 


PAULO RIBEIRO, L B BUN-TAN, CELIA M OAKLEY 
From the Department of Medicine ( Clinical Cardiology), Royal Postgraduate Medical School, 


Hammersmith Hospital, London 


SUMMARY A 22 year old man had a diagnosis of left ventricular aortic tunnel established during 
infancy. Surgical repair was deferred at that time because his.severe aortic root deformity would 
also have required aortic valve replacement. His current lack of symptoms together with a normal 
exercise capacity could be used as an argument against routine early surgical repair of the tunnel, 
particularly when the possible need for additional aortic valve replacement is considered. 


Aortic left ventricular tunnel is a.raré congenital 
cardiac malformation. The physiology of this cardiac 
defect 1s similar to that of aortic valvar regurgitation. 
Surgical repair of the tunnel, even in the absence of 
heart failure, is the usual management.'~? Gross 
aortic valve deformity is, however,-usually already 
present in the neonatal period, most probably as a 
result of the turbulence through the tunnel in utero. 
Despite successful surgical closure of these tunnels 
most. patients are. left with haemodynamically 
important aortic regurgitation and will need aortic 
valve replacement in the future. 

We report a patient with severe left кеша 
volume overload who was without symptoms. Struc- 
tural change ın architecture of the left ventricular 
muscle may have developed in utero in response to 
the early expansion of left ventricular volume. The 
continued stability of the patient's cardiac function 
and lack of symptoms are an argument against early 
surgical repair. 


Case report 


NEONATAL HISTORY 

A 22 year old man was referred to our hospital at 6 
weeks’ old because of a cardiac murmur. Labour and 
delivery had been normal at 36 weeks’ gestation 
(birthweight 2-85 kg). He was a healthy looking 
baby, without cyanosis or signs of heart failure. АП 
peripheral pulses were present and collapsing in 
character. А pronounced apical and left parasternal 
heave was present. Auscultation detected a grade 3/4 
ejection ‘systolic murmur and a 3/4 decrescendo 
Requests for reprints to Dr Celia M Oakley, Deparunent of Medi- 
ane (Climcal Cardiology), Royal Postgraduate Medical School, 
Hammersmith Hospital, Du Cane Road, London W12 OHS. 


diastolic murmur over the entire precordium. 

A radiograph of the chest showed pronounced car- 
diomegaly with a grossly dilated aortic root and 
ascending aorta. The lung fields were normal. A chn- 
ical diagnosis of aortic regurgitation was made, and 
this was subsequently changed to aortic left ventric- 
ular tunnel when this was first described shortly 
afterwards. He was without symptoms, and sub- 
sequent growth and development were normal. The 
clinical diagnosis was confirmed by cardiac cath- 
eterisation at the age of 4 years. Measurements of 
right heart pressures were normal. Ascending aortic 
diastolic pressure was 40 mm Hg, and left ventricu- 
lar end diastolic pressure 13 mm Hg. Right heart 
oximetry excluded a left to right shunt. Aortography 
showed gross dilatation of the aortic root, with pro- 
nounced expansion of the right and non-coronary 
sinuses. The tunnel was evident and arose at the level 
of the right coronary sinus. Immediate opacification 
of the left ventricle through both the tunnel and the 
aortic valve occurred. The aortic cusps seemed to be 
grossly ‘deformed. Since surgical repair would 
probably have also entailed aortic valve replacement 
and especially as the patient was symptomless oper- 
ation was deferred. Throughout childhood he 
remained completely symptomless and as an adult 
led a normal active life. At school he played com- 
petitive sport including soccer, without developing 
symptoms. At yearly review the results of his phys- 
ical examinations were unchanged. Blood pressure 
remained at about 140/20 mm Hg and systolic ejec- 
tion and early diastolic murmurs were repeatedly 
heard all over the precordium. Electrocardiograms 
always showed voltage criteria of left ventricular 
hypertrophy and no ST-T abnormality. By chest 
radiography the cardiothoracic ratio was unchanged 
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59%), and was proportionately identical with that 
on the radiographs during infancy. 

Serial M mode echocardiograms were repeated 
after the age of 6 years. The left ventricle was hyper- 
trophied symmetrically, its volume had increased, 
and fractional shortening was 45-55% when cor- 
rected for body surface area. The anterior leaflet of 
the mitral valve had always shown a decreased excur- 
sion and fluttering throughout diastole. In all the 
serial studies a chamber was seen lying between the 
anterior wall of the aortic root and the right ventric- 
ular outflow tract (Fig. 1), below and at the level of 
the aortic annulus. This space had become con- 
tinuous with the aortic root above the annulus. 

Cross sectional echocardiography clearly showed 
the tunnel, which was best visualised in the para- 
sternal long axis view (Figs. 2(a) and 2(b)). The tun- 
nel entered the left ventricle at the upper part of the 
septum beneath the aortic root and was continuous 
with the right aortic sinus of Valsalva. The leaflets 
were considerably thickened and deformed. Sym- 
aortic tunnel ( T) in between the aortic root ( AR) and the metrical hypertrophy and increased left ventricular 
rioht-ventricular'outhow tract (RVOT): La: lefi atrium volume was seen by M mode echocardiography. 
PCG, phonocardiogram; ECG, electrocardiogram From the aortic short axis (Figs 2(c) and 2(d)) three 
valve cusps could be seen; they were all severely 
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Fig.2 (a) parasternal long axis recording of the left ventricle (LV) апа (b) parasternal short axis recording of the aortic 
root with accompanying diagrams showing the appearance of the left ventricular aortic tunnel ( T). Note the thickened tricuspid 
aortic valve ( b). RV, right ventricle; AO, aortic root; LA, left atrium; RA, right atrium 


Management of aortic left ventricular tunnel 


thickened and deformed. A rudimentary left coro- 
nary cusp and a large ballooning right coronary cusp 
were seen. Scans from the aortic root showed the 
tunnel extending from the aortic root at the level of 
the right coronary sinus of Valsalva to the left ventri- 
cle. The tricuspid and pulmonary valves looked nor- 
mal, and the left atrium and right sided heart cham- 
bers were of normal size. 


Discussion 


Since Levy et al first described aortic left ventricular 
tunnel in 1963^ 33 cases have been reported. The 
aortic left ventricular tunnel is a vascular channel of 
congenital origin that connects the aortic root in the 
region of the right coronary sinus of Valsalva (above 
the aortic valve) with the left ventricle immediately 
below the aortic valve annulus. The aortic valve is 
often deformed, "5 and other cardiac abnormal- 
ities may be associated.* " ^!! These findings and the 
subsequent hypertrophy of the left ventricle have 
been found at operation or necropsy!? !? from the 
neonatal period onwards. ! 

Although there is evidence to support the con- 
genital nature of left ventricular aortic tunnel, the 
embryology of the tunnel is controversial. Cooley 
et al postulated Marfan's syndrome based on the an- 
eurysmal dilatation of the sinus of Valsalva with an 
excess deposition of mucopolysaccharide substances 
in the elastic media of the aortic wall and the adja- 
cent portion of the tunnel.? It was proposed that this 
could lead to cystic areas, which in turn could rup- 
ture into the left ventricle. These views, however, 
have not found support. Levy etal showed con- 
tinuation of the elastic fibres of the aortic media into 
the tunnel wall and suggested that the tunnel was an 
anomalous coronary artery that communicated 
through an enlarged myocardial sinusoid with the 
left ventricle (coronary-cameral fistula).* The tunnel 
wall in the ventricular septum represented histologi- 
cally a sinusoid consisting mainly of connective tis- 
sue. Roberts and Morrow, however, concluded that 
the structure of the tunnel differed from that of the 
blood vessel.® 

The diagnosis should be suspected in neonates 
presenting with signs of aortic regurgitation. The 
differential diagnosis is between absent aortic valve, 
endocarditis with destruction of the aortic valve, and 
tetralogy of Fallot with absent pulmonary valve." 
Rarely an aneurysm of the sinus of Valsalva may dis- 
sect into the left ventricle through the ventricular 
septum. '4 

Echocardiography is complementary to invasive 
studies, especially in detecting other associated car- 
diac abnormalities such as aortic and pulmonary 
stenosis? or, less commonly, compression of the left 
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coronary artery by a deformed aortic valve.” Cross 


sectional echocardiograms should detect progressive 
compression of the right ventricular outflow tract by 
the tunnel.'° 

Various method of surgical repair have been 
reported—for example, direct closure and external 
plication. Aortic regurgitation often persists post- 
operatively. Spooner et a/ reported a “triple repair" 
that was used successfully in one case.!? At the time 
of publication aortic regurgitation was not present. 
Similarly, in three cases where patch closure was 
used aortic regurgitation was avoided. ' +° t° 

The risk of surgical repair was 10°,, and even if 
the surgical repair is performed in the neonatal pe- 
riod or early infancy aortic valve deformities are al- 
ready present.) !! 55 !775 These and aortic root 
abnormalities can be explained by turbulent flow 
through the tunnel, beginning in utero. 

'The natural history of the left ventricular aortic 
tunnel is not known, and the oldest patient reported 
was а 25 year old man who was symptomless until he 
died of bacterial endocarditis.' 

Three patients who had surgical repair and were 
symptomless were left with aortic regurgitation.’ ^ 
Two other patients with symptoms died without 
surgical intervention, but they had other major car- 
diac defects. !° In our patient the need for aortic 
valve replacement at an early age because of gross 
aortic valve deformity was the main reason for de- 
ferring surgery during childhood. 

A valve defect occurring in utero may be better 
tolerated than a similar one occurring after birth. 
The earliest recognisable embryonic cardiac system 
is a straight heart tube. The visible contraction of 
this tube is similar to peristaltic movements pro- 
pelling blood unidirectionally.2° Growth of this 
primititve heart results in the formation of a cardiac 
loop and later the cardiac septa. Throughout this 
development the basic direction of the peristaltic 
wave is well preserved, and there are recognisable 
features of this in the adult heart.?! The formation 
of the cardiac valves is not complete until the ninth 
week, by which time the four chambers of the heart 
are fairly well formed. The primitive fetal heart is 
therefore adapted to pumping without the help of 
heart valves. Persistent incompetence of the valves 
beyond the ninth week would tend to exert devel- 
opment pressure on the fetal heart to adapt and to 
retain some of the peristaltic form of contraction and 
hence to preserve pumping efficacy into adulthood. 
This might lead to modification of the myocardial 
fibre direction and of the activation and deactivation 
sequence. At the molecular level there may be func- 
tional adaptation in the fetal contractile units, such 
as in terms of selection of the myosin types?’ 2° and 
hyperplasia of the myocardial celis. 
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An expectant attitude to the treatment of aortic 
left ventricular tunnel may be justified on account of 
favourable adaptation of the developing heart to this 
anomaly in utero. These considerations may explain 
the favourable prognosis of such patients compared 
with the less good outlook for most patients with 
severe aortic regurgitation acquired in childhood or 
adult life. 
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SUMMARY A large cardiac tumour occupying most of the right atrium and the right ventricle and 
causing inflow obstruction to the right heart was confirmed by cross sectional echocardiography in : 
41 year old man. After surgical resection histological examination showed that the atrial tumour had 
the characteristics of splenic tissue. Possible mechanisms for the development of such a tumour 
include an origin analogous to that of an accessory spleen or the implantation and subsequent growtl 
of lymphoid tissue in a pre-existing superior vena caval or high right atrial angioma. 


Primary cardiac tumours are rare. In necropsy series 
the incidence is extremely low (0-0017-0-2896). In 
most reported series about 7596 of all cardiac tumours 
are considered to be benign histologically. Angiomas 
account for less than 596 of the total number. They are 
more common in the right heart chambers and gener- 
ally as sessile. Histologically, the tumours consist of 
spaces lined with endothelium, which may contain 
blood, lymph, or thrombi.! 

We report a patient who presented with signs of 
inflow obstruction to the right heart due to an atrial 
tumour with an unusual histological appearance. 


Case report 


A 41 year old man was admitted because of slowly 
progressive dyspnoea and ascites. А cardiac murmur 
had been heard when he was 5 years old. Until 1980 he 
had worked as a waiter and for 20 years had consumed 
large amounts of alcohol. He was referred to our hos- 
pital with a presumptive diagnosis of alcoholic liver 
cirrhosis. 

On physical examination the jugular veins were 
severely congested with a very prominent “a” wave. 
The heart was not enlarged. A grade 2/6 high fre- 
quency pansystolic murmur and a grade 2 high fre- 
quency diastolic murmur with presystolic accentua- 
поп were loudest at the left sternal border. The 
abdomen was distended by ascites, and the liver and 
spleen were not palpable. There was, however, no 
peripheral oedema. 

A 12 lead electrocardiogram showed sinus rhythm 
with an undetermined mean frontal plane QRS axis. 
Requests for reprints to Dr Paul Kuijer, University Hospital Utrecht, 


Department of Cardiology, Catharijnesingel 101, 3500 CG Utrecht, 
The Netherlands. 





Fig. 1 
showing an echo dense mass at the level of the right 
atrioventricular valve annulus partially occupying the right 
атит as well as the right ventricle. The arrow probably 
indicates an adherent part of the septal tricuspid leaflet 


Cross sectional echocardiogram in the apical view 


In all 12 leads the QRS complexes showed low 
tage, and the P waves had a normal voltage in the limb 
leads. There was a disproportionate relation between 
the amplitude of the P waves and that of the ORS 
complexes. Chest radiographs showed clear lung 
fields and a moderately enlarged heart in the po: 
teroanterior projection. 

The phonocardiogram showed a high frequency 
diastolic murmur with presystolic accentuation star! 
ing 0-10-0-12 s after the second heart sound. The 
raised central venous pressure, the pronounced “a 
wave in the venous pulse tracing, signs of tricuspid 
disease, and the absence of signs of left heart failure 
pulmonary hypertension, or pericardial disease sug 
gested an inflow obstruction to the right heart. Thi 


337 


338 





Fig. 2 Microscopical appearance of the right atrial nanour 
showing a thick walled artery surrounded by a mantle of 
lymphocytes forming a sheath around these arteries. (Giemsa 
stain X 150.) 


was confirmed by cross sectional echocardiography. 
An apical approach showed a non-mobile, homogene- 
ous echo dense mass occupying most of the right 
atrium and extending across the tricuspid valve into 
the right ventricular cavity (Fig. 1). The echocardiog- 
raphic diameter of the mass was 7х4х4 cm. The 
nature of the mass could not be specifically identified. 
The pattern of motion of the echo on M mode 
echocardiography was not, however, characteristic of 
a myxoma. 


SURGICAL FINDINGS 

The chest was entered through a midline sternal inci- 
sion. From the outside the right ventricle looked 
severely hypoplastic, with the left anterior descending 
coronary artery displaced rightwards. The right atrial 
wall was severely hypertrophied. The right atrium 
contained a dark and smooth solid tumour attached 
by a single short cord like pedicle to the lowest seg- 
ment of the superior vena cava. The tumour extended 
across the tricuspid annulus into the right ventricle. 
The tricuspid valve leaflets were deformed and fenes- 
trated. Half of the septal and anterior leaflets were 
adherent to the right ventricle and only the posterior 
leaflet retained some mobility. The papillary muscles 
were hypoplastic and the chordae tendineae were very 
short. The tumour and tricuspid valve were removed 
and а lonescu-Shiley prosthetic valve (size 31) 
implanted in the tricuspid annulus. The patient died 
15 days after the operation as a result of septic shock. 


HISTOLOGICAL FINDINGS 

The surgical specimen was fixed in 4% neutral phos- 
phate buffered formaldehyde. Tissue samples were 
embedded in paraffin and epon for light microscopy 
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and electron microscopy respectively. Sections cut at 
5 рт were stained with haematoxylin and eosin, 
Giemsa, Gordon and Sweet's reticulin, periodic acid 
Schiff (PAS), Alcian blue, van Gieson's elastic tissue 
stain, Perl's stain for iron, and methyl green 
pyronine. 

The tumour, which measured 7x5x4 cm, was 
enclosed witain a thin greyish white capsule, which 
was continuous with the endothelial lining of the 
atrium. The cut surface varied in colour from deep 
red to greyish red. 

Light microscopy showed that the tumour was sur- 
rounded by a collagenous capsule. The pedicle con- 
tained only collagenous connective tissue and was 
traversed by both arteries and veins. The parenchyma 
showed a reticular framework and endothelial lined 
sinusoids, seme of which had cystic dilatations. The 
sinusoids were filled with red cells and had foci of 
haematopoiesis. Thick walled arteries were present 
and small lymphocytes formed a sheath around these 
arteries. The microscopical appearance was identical 
to that of normal splenic tissue except for a paucity of 
trabeculae (Fig. 2). 

Electronmicroscopy showed an intermingling of 
small capillaries, red blood cells, and some lympho- 
cytes. The capillaries consisted of a single layer of 
irregular endothelial like cells with cell junctions and 
a periendothelial basal lamina. Pericytes and histio- 
cytes were not found. The appearance was similar to 
that of splenic tissue. 

When the tumour was compared with splenic tissue 
obtained at necropsy by immunoperoxidase tech- 
niques for identifying immunoglobulins in plasma 
cells as well as histiocytic markers no differences 
could be found. 


NECROPSY FINDINGS 

At necropsy an enlarged spleen weighing 320 g was 
present at the normal site in the left upper abdomen 
and showed no abnormalities other than signs of sep- 
ticaemia and small foci of haematopoiesis. The liver 
was moderately enlarged, weighing 1940 g. The 
parenchyma showed severe cardiac fibrosis and 
steatosis. 


Discussion 


The most striking feature of this case was the hitherto 
unreported finding of a cardiac tumour consisting of 
splenic tissue. Several possible mechanisms for the 
pathological development of a right atrial spleen exist. 
Embryolog:cally, the primordium of the spleen 
appears as a thickening of coelomic epithelium on the 
left side of the dorsal mesogastrium. Several separate 
splenic masses originate here simultaneously and fuse 
to form a lobulated spleen.? Failure of the adjoining 
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splenic areas at the dorsal mesogastrium to fuse could 
give rise to the formation of an accessory spleen. 
Invagination of a splenic area during cardiac 
development could explain the finding of accessory 
intracardial splenic tissue, but this seems to be rather 
unlikely. Another possibility is a primary cardiac 
tumour of an angiomatous nature. Such tumours 
probably arise from angioblasts normally dormant in 
the myocardium. The angioblasts originate from 
primitive mesenchymal tissue and produce blood ves- 
sels, primitive plasma, and red blood cells.^* One 
theory focuses on the vasoformative reserve cell. 
Islands of vasoformative reserve cell hyperplasia may 
occur in the endocardium near the fossa ovalis. The 
spleen is essentially a part of the vascular system, and 
the vasoformative reserve cells could presumably also 
give rise to the development of an angiomatous 
tumour differentiating as splenic tissue. This 
angiomatous tissue might have become seeded by 
lymphocytes. The lymphoid tissue in the tumour is 
thought to be formed by a proliferation of lympho- 
cytes in the area. Foci of haematopoiesis were present 
in both the tumour and the spleen. This myeloid 
metaplasia in the spleen is due to the undertaking of 
haemopoietic functions by the reticuloendothelial 
cells.* Both the tumour and the patient's spleen cells 
showed this myeloid metaplasia. Furthermore, even 
the neoplastic nature of the tumour in our patient was 
unknown, since it is almost impossible to differentiate 
between malformations—such as hamartomas—and 
benign neoplasms of blood vessels on purely anatomi- 
cal or clinical grounds. 

From a clinical point of view the following findings 
are of special interest. The average delay between the 
onset of symptoms and the diagnosis of right atrial 
tumours in most reported cases was three years.! In 
our patient the history of a large consumption of 
alcohol and the pronounced ascites many years previ- 
ously had led to an initial false diagnosis of alcoholic 
liver cirrhosis. А combination of features—namely, 
the high central venous pressure, the pronounced “а” 
wave in the venous pulse tracing, and the diastolic 
murmur with presystolic accentuation—suggested the 
possibility of a right sided inflow obstruction at the 
level of the tricuspid valve. The high frequency of the 
diastolic murmur is, however, unusual in tricuspid 
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inflow obstruction. Nevertheless, because the large 
solid tumour was wedged in the tricuspid orifice this 
characteristic of the murmur may be explained by the 
very high central venous pressure (25 mm Hg) and the 
subsequent contraction of the hypertrophied right 
atrium forcing the blood around the tumour via the 
slit like opening in the right ventricle. А definitive 
diagnosis was made by cross sectional echocardiogra- 
phy, which allowed the size of the tumour to be accu- 
rately estimated. Cross sectional echocardiography 
seems to be ideally suited for the non-invasive diag- 
nosis of a right sided cardiac mass.* The degenerative 
changes of the tricuspid valve were unusual. Fenestra- 
tion of the atrioventricular valve leaflets, short chor- 
dae tendineae, and hypoplasia of the papillary muscles 
have not been reported in cases of atrial myxoma. 

In conclusion we were unable to differentiate this 
cardiac atrial tumour from splenic tissue. The clinical 
findings suggest that the tumour had been present for 
a long üme, which may indicate a congenital origin. 
Nevertheless, the true origin of this unusual tumour 
remains unknown. 





We thank Professor А E Becker, University of 
Amsterdam, for his most valuable opinion on this case 
and Professor E O Robles de Medina for his encour- 
agement and advice. 
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Early prenatal detection of double outlet right ventricle 


by echocardiography 
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of Pathology, University of Amsterdam Academic Medtcal Centre, The Netherlarids 


suMMARY A double outlet right ventricle with subpulmonary ventricular septal defect and right 
sided hypoplastic aorta was diagnosed in a 22 week fetus of a mother with diabetes mellitus. Elective 
termination of pregnancy was carried out and the echocardiographic findings were confirmed. Early 
prenatal detection of congenital heart Чеш may allow elective termination of prespancy when the 


fetus has severe defects. 


The first description of double outlet right ventricle 

- was provided in 1793 by Abernethy,! which was sub- 
-sequently given the term “double outlet right ventri- 
cle” by Witham іп 1957.2 Double outlet right ventri- 
cle is a rare condition forming <1% of all congenital 
heart defects, and the term refers to a group of com- 
plex and heterogenous malformations that have in 
common only the origin of both great vessels from the 
right ventricle. Other cardiac malformations are 
always present, and frequently multiple abnormalities 
coexist. These may include one or more ventricular 
septal defects, systemic or pulmonary or left ventricu- 
lar outflow obstruction, and major atrioventricular 
valve abnormalities. 

Double outlet right ventricle may occur with any 
atrial situs, several different atrioventricular connec- 
tions, and many other variations. Situs solitus and 
atrioventricular concordance are, however, the most 
common findings. 

Cross sectional echocardiography has proved useful 
in the diagnosis of double outlet right ventricle. A 
segmental sequential approach that reliably identifies 
both ventricles and great vessels is mandatory. Many 
of the associated cardiac lesions are of paramount clin- 
ical importance and are recognisable by echocardiog- 
raphy. These features of diagnosis are critical in pre- 
natal diagnosis as echocardiography is the only tool 
available, and further advice and obstetric manage- 
ment must be based on these findings. 


Requests for repnnts to Ms P A Stewart, Department of Obstetrics 


and Gynaecology, Academic Hospital Rotterdam — Окпе, Eras- - 


mus University Rotterdam, Dr Molewaterplein 40, 3015 GD Rotter- 
dam, The Netherlands. 


We report the detection of double outlet right ven- 
tricle with subpulmonary ventricular septal defect and 
a right sided hypoplastic aorta in a 22 week old fetus 
of a mother with diabetes mellitus class C, type I 
(White classification).? 2 


Case report - 


` А 21 year old gravida 1 with diabetes mellitus type C, 


who had been diabetic.since the age of 13 years, 
underwent amniocentesis at 16 weeks' gestation, 
which showed a normal female karyotype. She was 
referred to this unit for prenatal echocardiography in 
view of the known association of cardiac structural 
abnormalities in the offspring. of diabetic patients. 
Ultrasonic examination of the fetus was carried out at 
22 weeks’ gestation with a-Diasonics Cardio Vue 100 
mechanical sector scanner with 5 MHz transducer. 
Fetal size was appropriate for gestational age. Scan- 


- ning of the fetal heart showed atrioventricular con- 


cordance and a large subpulmonary ventricular septal 
defect. Both great vessels were connected to the right 
ventricle with a side by side position with the aorta, 
which appeared hypoplastic, to the right of the pul- 
monary artery (Fig. 1а). The pulmonary artery was 
seen to be continuous with the mitral valve. No other 
structural anomalies were observed in the fetus. 


NECROPSY FINDINGS 

The parents were informed of the findings and 
requested termination of the pregnancy, which was 
performed. at 23 weeks’ gestation. A female fetus 
weighing 400 g was delivered. Postmortem examina- 
tion of the heart confirmed the antenatal echocardiog- 
raphic findings. There was a large subpulmonary 
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Fig. (a) Longitudinal cross sectional echocardiogram in the fetus showing both great vessels connected to the right ventricle ( In 
real time images the aorta (Ao) was traced to the head and neck vessels and looked hypoplastic; the pulmonary artery (PA) was als 
traced to its bifurcation. The ventricular septal defect was not visualised in this plane. (b) Morphological appearance of the fetal heart 
cut in a section equivalent to the echocardiogram in (a). The outflow tract into the aorta is narrow and the ascending aorta slight! 
underdeveloped . There is tubular hypoplasia (*) between the left subclavian and left соттоп carotid arteries. LV , left ventricle 


perimembranous ventricular septal defect and a slit- 
like muscular ventricular septal defect in the inlet sep- 
tum. Both great vessels were connected to the right 
ventricle with the aorta to the right of the pulmonary 
artery (Fig. 1b). There was subaortic stenosis and 
slight underdevelopment of the descending aorta. 
Tubular hypoplasia of the aortic arch was found bet- 
ween the left subclavian and left common carotid 
arteries. The pulmonary valve was in fibrous con- 
ünuity with the mitral valve. No other structural 
anomalies were present in the fetus. 


Discussion 


Diabetes mellitus is known to be associated with an 
increased risk of fetal abnormalities,** including 
skeletal, central nervous system, genitourinary, gas- 
trointestinal, and cardiac anomalies. Cardiovascular 


anomalies may occur in approximately 5% of these 
infants.^ 7 

Amniocentesis, which in this unit is performed 
routinely in juvenile diabetics for alpha fetoprotei: 
estimation and karyotyping, had been performed at 16 
weeks' gestation and showed a normal concentration 
of alpha fetoprotein and normal female karyotype 
Had this not been the policy karyotyping would have 
been performed after detection of the cardiac abnor 
malities to exclude chromosomal abnormality. The 
prognosis in patients with double outlet right ventri 
cle depends on the severity of associated lesions, and 
the haemodynamic disturbances may be extremel 
variable. Clinical presentation is influenced by the 
presence or absence of pulmonary stenosis, the posi 
tion of the ventricular septal defect in relation to the 
great arteries, and other associated major defects—fo 
example, left ventricular outflow obstruction, mitra 
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valve abnormalities, and aortic arch abnormalities 
such as coarctation, hypoplasia, or even complete 
interruption. 

Patients with the abnormalities described in the 
fetus in this report tend to present early in life and, 
clinically, may resemble patients with complete 
transposition and ventricular septal defect since the 
haemodynamic effects are similar. 

Franks and Lincoln studied 46 patients from the 
Brompton Hospital who underwent surgical correc- 
tion of double outlet right ventricle between April 
1973 and April 1981.3 The patients were subdivided 
into groups according to the position of the ventricu- 
lar septal defect. Of the 12 patients with subpulmo- 
nary ventricular septal defect, five had additional 
abnormalities. The overall mortality in this group was 
80%. Palliation alone carried a mortality of 36%, and 
in the patients without significant pulmonary stenosis 


was not always possible. In patients with subpulmo- - 


nary defects systemic saturation is usually low and 
pulmonary banding may reduce this still further to 
unacceptable levels. 

The detection of serious fetal cardiac abnormalities 
allows the option for termination of pregnancy? !? if 
they are diagnosed early enough in gestation, and the 
parents in our case requested this option after being 
told of the poor prognosis. 

Ideally, scanning of fetuses at risk for structural 
cardiac defects should be performed between 17 and 
24 weeks' gestation. During this period of pregnancy 
the heart is large enough for adequate visualisation, 
and there is enough amniotic fluid surrounding the 
fetus to provide a good ultrasonic window. In the 
present case optimal imaging of the fetal heart was 
possible only at 22 weeks' gestation because of mater- 
nal obesity. 

When congenital heart disease is diagnosed later in 
pregnancy or when the defect is considered amenable 
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to surgery, or if the parents choose that the pregnancy 
should continue, steps can be taken to ensure optimal 
timing of delivery and immediate postnatal care in the 
paediatric cardiology unit. 


We thank Dr C E Essed (Erasmus University, Rot- 
terdam) for performing the necropsy and the Dutch 
Prevention Fund for funding this work. 
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Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts 
was 1 August 1985. 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 
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A one-day course specifically designed to pro- 
vide a practical and up to date guide to atrio- 
ventricular septal defect. 


Topics include: The anatomical spectrum, natu- 
ral history, Down's syndrome, echo and angio- 
cardiography and the surgical experience at the 
Brompton Hospital, Great Ormond Street and 
Birmingham, Alabama (USA). 


Speakers include physicians and surgeons. 
Fee including hospitality £30 
Audience limited to 50 people 

Application forms available from: 

The Postgraduate Course Secretary, Cardio- 


thoracic Institute, Fulham Road, London SW3 
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ADVANCES IN ECHO/DOPPLER 1985 


The British Institute of Radiology 36 Portland Place London W1N 3DG 
A One Day Meeting: 4th November 1985 


This course is intended to provide a comprehensive survey of the present role of doppler in the 
assessment of cardiac disease plus an update on developments in cross-sectional imaging 


techniques. 


Topics and speakers: 


Normat Doppler Examination 

introduction 

Normal Doppler examination 

Assessment of valve gradients 

Assessment of subvalve 
gradients 

Valve regurgitation 

intracardiac shunting 

Assessment of prosthetic 
valves G Leech 

Doppler in Paediatric 
Cardiology 

Colour encoded Doppier 

Cardiac output 


N Wilson 
J Gibbs 
G Sutherland 


T Skaerpe 
N Wilson 


A Huston 
J Roelandt 
T Skaerpe 


Course organiser: Dr G Sutherland 
Details from: Dr G Sutherland Southampton General Hospital Cardiac Unit Tremona Road 
Southampton 


Southampton 
Trondheim 


Glasgow 
Rotterdam 
Trondheim 


Non Invasive Assessment of Cardiac Disease Current Status 


Valvular Disease 


8 physician's view R Hall 


а surgeon's view 


Newcastle 
D Shore Southampton 


Myocardial ischaemia/ 


infarction 


Paediatric cardiology 


Advances in Cross 


J Roelandt Rotterdam 
G Sutherland 


Southampton 


Sectional Imaging 


The Role of Trans-oesophageal 


Echocardiography 


P Hanrath Hamburg 


intraoperative Echocardiography E Gussenhoven 


Rotterdam 


Contrast Echo-new contrast 


agents potential role 


R Ере! Mainz 
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Surgical Anatomy of 
the Heart 


Benson R. Wilcox and 


Robert H. Anderson 
Forewords by David C. Sabiston, Jr. 
and Thomas P. Graham, Jr. 

141 pages 210 line + 266 full colour 


illus hardback 
£60.00 


* Displays the anatomy of normal and abnormal 
hearts as perceived at the time of operation 

Adopts an analytical approach to the 
Classification of congenital heart disease based on 
descriptive analysis rather than on embryological 
concept and theory 

* Combines anatomical and physiological concepis 
through selected plates of the specimens, each 
with accompanying labelled diagrams and 
narrative. 


X -Adrenoceptor 
Blockers in Cardio- 


vascular Disease 
Edited by Helge Refsum and 
Ole D. Mjøs 


328 pages 126 line illus hardback £30.00 














Highly topical subject, considered by 54 eminent 
experts. 





New books ... New editions for the cardiologist 





Announcing... 





{ Со 


№7 


Pulmonary 
Circulation 


Peter Harris and 
Donald Heath 


Foreword by 
Sir Melville Arnott 











Third edition approx. 740 pages | 
200 line + 422 halftone illus hardback 
approx. £70.00 





Third edition of a classic text. 


Key features include: 


* new information on electron microscopy of the 
normal pulmonary circulation and its diseases 


* more extensive coverage of radiology 


* some entirely new sections 








Cardiovascular Medicine 


Angina Pectoris 
Edited by D. С. Julian 


Second edition 233 pages 38 line + 26 
halftone illus £30.00 


16 authorities frorn the USA, UK and Sweden 
examine major advances made in the 


understanding of angina pectoris since the first 
edition in 1977. 


Of the first edition: 
"A recommend it highly to everyone who sees and 
cares for patients with angina pectoris." 

Journal of the American Medical Association 











Two new volumes in the highly acclaimed series International Seminars in 











Dynamic Electro- 
cardiography H 
Edited by R. W. F. Campbell | 8 
and A. Murray u 
Foreword by D. G. Julian 

148 pages 33 line + 15 halftone illus 





8 contributors from the UK and the USA offer 
practical guidance on how to operate the 
system. 





>As 
RRR 
тии 
-— 


Churchill Livingstone 


Churchill Livingstone books are available from medical booksellers or, in case of difficulty, direct 


from the publisher at this address: 


Sales Promotion Department, Churchill Livingstone, 1-3 Baxter's Place, Leith Walk, 


Edinburgh EH1 3AF. 
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Bleeding complications of intracoronary fibrinolytic 
therapy in acute myocardial infarction: assessment 
of risk in a randomised trial F W A Verheugt, 

M J van Eenige, J C J Res, M L Simoons, 


Exercise radionuclide ventriculography in children: 
normal values for exercise variables and right 

and left ventricular function M D Parrish, 

R J Boucek Jr, J Burger, M F Artman, C L Partain. 
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without increasing heart rate? reduces _ 
both pre-load and after-load, and has both 
arterial and venodilating properties. - 
With 'Innovace, the haemodynamic 
effects offer dramatic and sustained relief 
from symptoms? _ 
In a recent review paper, the author 


. Stated, @These changes were accompanied : 


by marked and sustained clinical 

















A breakthrough in the 


treatment of congestive 
heart failure 


When added to a diuretic and, where appropriate, digitalis: 


ө Offers dramatic relief ө Long-term relief 
ө Haemodynamics can return to normal 


ABRIDGED PRODUCT INFORMATION 


Full prescribing information is available and should be consulted 
before prescribing. 


All grades of essential hypertension, 

Congestive heart failure. 

Renovascular hypertension. 

DOSAGE | : | 

Essential hypertension. The usual maintenance dosage is 20 mg once 
daily, Treatment may be initiated with 10 mg or 20 mg once daily 
dependent on degree of hypertension. For mild hypertension, 
recommended initial dosage is 10 mg once daily. For ail other grades 
an initial dosage of 20 mg once daily recommended. 

Renovascular hypertension. Initial dose is 10 mg a day, adjusted as 
necessary. Most patients should respond to 20 mg daily. 

Congestive heart failure. Can be used as adjunctive therapy with 
diuretics and, where appropriate, digitalis. Initial daily dose 10 mg 
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MODE OF ACTION. . е . 

Following oral administration. 'Innovace' is rapidly absorbed and 
hydrolysed to enalaprilat, a highly specific, long-acting, non-sulphydryl 
angiotensin converting enzyme inhibitor. 
CONTRA-INDICATIONS M 
Pregnancy: assessment for possible pregnancy required if menstrual 
period is missed. 

Hypersensitivity. 

PRECAUTIONS . e. А 
Symptomatic hypotension rarely after initial dose. More likely 
following volume depletion caused by prolonged diuretic therapy, 
dietary salt restriction, dialysis, diarrhoea, or vomiting. Blood pressure 
may drop in some patients with congestive heart failure who have 
normal or low blood pressure. 

Impaired renal function: Patients with renal insufficiency may require 
reduced or less frequent doses of ‘Innovace’ and their renal function 
should be closely monitored. In the majority, renal function will not 


Renovascular hypertension: 'Innovace can be used when surgery is not 
indicated, or prior to surgery. In some patients with bilateral renal artery 
stenosis or stenosis of the artery to a solitary kidney, increases of blood 
urea and creatinine, reversible upon discontinuation of therapy, have 
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may be ameliorated. ‘Innovace’ may elevate plasma potassium levels in 
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with impaired renal function, since they may lead to significant 
increases in plasma potassium. Lithium levels may be increased. 
SIDE EFFECTS 

Generally well tolerated. Most side effects mild and transient, and 
have not required discontinuation of therapy. Most frequently: 
dizziness, headache. fatigue, asthenia. Others include hypotension, 
orthostatic hypotension, nausea, diarrhoea, muscle cramps, rash, 
cough, dysgeusia; and angioneurotic oedema. With minor and 
transient rises in blood urea or creatinine, dosage reduction and dis- 
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minor and usually transient increases in blood urea and 
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diuretic. Dosage reduction of ‘Innovace’ and/or discon- 
tinuation of the diuretic may be required. 
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Simonsen & Weel ... care 


Temporary external pacemakers used to be so painful that patients simply 
could not tolerate them. 

This new generation of non-invasive cardiac pacers produced jointly by Doctor 
Zoll the eminent cardiac pacemaker expert and Simonsen and Weel combines 
speed and ease of use with the critical ingredient of patient comfort 

Patented electrode technology, together with extensive research into optimum 
pulse shape, combine to produce a portable unit ideal for use in Accident and 
Emergency Units, Coronary Care Units, Pacemaker Clinics and ай other places 
where patients could be at risk from abnormal conduction events 

Once again their committment to excellence in product design prove that 
Simonsen and Weel care 

Simonsen å Weel Ltd. Ruxiey Comer, Sidcup, Kent DA14 SBL. Tel: 01-309 0433 Telex: 896328 


S&W Medico Teknik A/S, Denmark, Herstedvang 8, DK-2620 Albertslund. Tel:+45 2 62 3366 
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New... 
The Sixth Edition 
of the most prestigious 
single-source reference 
in its field 


THE HEART, 
Sixth Edition 
Editor-in-Chief: 

J. Willis Hurst, M.D. 


Co-editors: 

R. Bruce Logue, M.D., Charles E. 
Rackley, M.D., Robert C. Schlant, 
M.D., Edmund H. Sonnenblick, 
M.D., Andrew 6. Wallace M.D., 


Nanette Kass Wenger, M.D. 


Now in its sixth edition, THE HEART remains the 
most prestigious single-source reference in its field 
This highly accessible, easy-to-use reference has been 
completely revised and rewritten to reflect the latest 
advances in cardiology Reor ш а format that 
makes ıt even easier to use previous editions with 
138 chapters (29 of which are new), THE HEART, 
Sixth Edition features. 


* ANEW SECTION COVERING THE PHAR- 
MACOLOGY OF CARDIAC DRUGS — including 


chapters on drugs used to control central vascular re- 
sistance and capacitance, drugs used to treat cardiac 
arrhythnuas, beta blockers, calcium blockers, dig- 
talis, nondigitalis cardiac inatropic agents, churetics, 
and anticoagulants and platelet controling drugs 


• EXPANDED TREATMENT OF THE TECH- 


NIQUES OF SPECIAL PROCEDURES — wth 
new chapters on esophageal electrocardiography, QRS 
signal “averaging,” internal defibrillation, digital sub- 
traction maging, computenzed axial tomography, 
studies of carotid artenes and branches, pulmonary 
anpography and radionuclide lung scans, phlebogra- 
phy, , radiologically guided vascular mterven- 
hons in the heart and great vessels, techniques of 
achieving thrombolysis, the use of lasers m the treat- 
ment of coronary artery obstruction, Doppler, valvular 
surgery, carotid artery surgery, sur; treatment of 
penpheral vascular disease, and techniques of using 
the mechanical heart. 


o A SUBSTANTIALLY REVISED SECTION 
ON DISEASES OF THE HEART AND BLOOD 
VESSELS — that includes expanded coverage of 
acute rheumatic fever and its management, as well as 
new chapters on combined aortic and mitral valve dis- 


ease, and pathology of coronary atherosclerotic heart 
disease. 


o A FURTHER UPDATED SECTION ON THE 


HEART AND OTHER MEDICAL PROBLEMS 
— that includes new and revised chapters on the psy- 
chiatric aspects of certain cardiac problems, the rela- 
tionship between occupation and heart disease, and 
the effect of noncardiac drugs, radiation, electricity, 
and poison on the heart 


e MINI PREFACES AT THE BEGINNING OF 
EACH SECTION — which — the 
purpose of the chapters that follow 

e EXTENSIVE CROSS-REFERENCES AND А 
COMPREHENSIVE REVISED INDEX 

e FULLY UP-TO-DATE BIBLIOGRAPHIES 
• A COMPREHENSIVE ILLUSTRATION 
PROGRAM CONTAINING 1,200 CHARTS, 
DRAWINGS, AND PHOTOGRAPHS AS 
WELL AS AN EIGHT-PAGE, FULL-COLOR 
INSERT 

e FULL COLOR ENDPAPERS. 


THE HEART, Sixth Edition, is authored by a dis- 
tinguished team of internationally recogmzed contrib- 
utors — all experts in their respective fields The 
collective of the authors in this, as m previous edi- 
nons of THE HEART, has been to demonstrate the 
lnk between basic science and споса! practice, 
thereby the practitioner with all the chnical 
skills necessary for the diagnosis and treatment of car- 
diovascular diseases Іп workmg toward this goal they 
have created an information-source which is unsur- 
passed m its authority, clarity, depth and timehness 


Setting the standard by wch all cardiology references 
must be judged, THE HEART, Sixth Edition, repre- 
sents an unparalleled work — absolutely the finest 
book of its type available 

1986 (Oct 1985) 

1 Volume Edition (31485-3) #92 

2 Volume Edition (79440-5) £110 


For further information, or to order, please 
contact: 


Sue Barnes 

McGRAW-HILL BOOK Co. (U.K.) 
Ltd. 

Shoppenhangers Road, 

Maidenhead, Berks. 

Tel: 0628 23432 
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multipurpose defibrillator single channel The original Multipurpose trolleys designed the compiete flexibie 
compact ECG monitor Danish Rail system especially for medical use monitoring system 


Simonsen & Weel ...care 


With up to 12 patients monitored and recorded manually or automatically over 
à wide range of parameters, an S & W central station can be made as simple or as 
comprehensive as your intensive care unit demands. Now capable of operating with 
some other manufacturers monitors as well as our own 8000 series, S & W central 
stations are designed with both patient and operator in mind. Another way of showing 
that Simonsen and Weel Care. 


Simonsen & Weel Ltd. Ruxley Comer, Sidcup, Kent DA14 5BL Tel: 01-309 0433 Telex: 896328 
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Prescribing Information 
Presentation: Pink-grey coated 
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of hypertension. Desage and Administration: 
The recommended dose for Adalat Retard is one 
20mg tablet twice daily and if necessary a further tablet 
may be taken — to the patient's response. Treatment 
may be continued indefinitely. Contra-Indications: Must not be 
iven to women capable of child bearing. Warnings and Precautions: 
dalat Retard is not a beta-blocker and therefore gives no protection 
against the dangers of abrupt beta-blocker withdrawal, any such 
withdrawaj should be by gradual reduction of the dose of beta-blocker, 
referably over 8-10 days. Adalat Retard may be used in combination with 
pru drugs and other anti-hypertensive agents, but the possibility of . 
an additive effect resulting in postural hypotension should be borne in mind. Adalat 
Retard will not prevent possible rebound effects after cessation of anti-hypertensive 
therapy. Adalat Retard should be used with caution in patients whose cardiac reserve iS 
poor. Ischaemic pain has been reported in some patients, commonly within 30 minutes of 
the introduction of nifedipine therapy. Patients experiencing this effect should discontinue 
nifedipine. The use of nifedipine in diabetic patients may require adjustment of their control 
The antihypertensive effect of nifedipine can be potentiated by simultaneous administration with 
cimetidine. There are no other known drug incompatibilities. Gravitational oedema associated with 
increased capillary permeability has been reported. Side Effects: Adalat Retard is well tolerated. Minor 
side-effects, usually associated with vasodilatation are mainly headache, flushing and lethargy. These are 
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Bleeding complications of intracoronary fibrinolytic 
therapy in acute myocardial infarction 
Assessment of risk in a randomised trial 


FREEK W A VERHEUGT, MACHIEL J van EENIGE, JAN CJ RES, 
MAARTEN L SIMOONS, PATRICK W SERRUYS, FRANK VERMEER, 
DIEDERIK C A van HOOGENHUYZE, PIM J REMME, CHRIS ре ZWAAN, 
FRITS BAER 


From the Interuniversity Cardiology Institute, the Netherlands 


SUMMARY The risk of bleeding associated with intracoronary infusion of streptokinase in acute 
myocardial infarction was determined in a randomised controlled trial containing 302 patients 
under the age of 70. Intracoronary streptokinase infusion was given to 152 patients and 150 
patients were treated conventionally. Bleeding was seen in 24 (16%) patients in the streptokinase 
group and in two of the conventionally treated patients. Bleeding was most common (28%) in 
patients over the age of 60 years. The groin was the site of bleeding in all patients except one. In 
the first 48 hours after admission the haematocrit in streptokinase treated patients with manifest 
bleeding fell by 0-07 (0-04) (mean (SD)). The fall in haematocrit in the streptokinase treated 
patients without manifest bleeding was 0-05 (0-04) and in the conventionally treated patients it fell 
by 0-03 (0-04). Sixty six units of packed cells were transfused in the streptokinase group (50 units 
to those who bled); the control group required only 17 units. There were no deaths due to 
bleeding. The occurrence of bleeding and the fall in haematocrit in the streptokinase group 
correlated with the occurrence of systemic fibrinolysis but not with the dose of streptokinase 
given. 

Thus, in about 15% of patients treatment with intracoronary streptokinase resulted in 
significant non-fatal bleeding from the femoral puncture site that required substantial transfusion 
support. Furthermore, there was a significant drop in haematocrit in patients without manifest 
bleeding. These results emphasise the need for more specific fibrinolytic agents. 


Streptokinase is an effective thrombolytic agent in 
arterial and venous thrombotic disease.!? It can, 
however, produce massive, and potentially fatal 
bleeding due to systemic breakdown of fibrinogen 
and other clotting factors. Techniques of selective 
intra-arterial administration have been developed in 
an attempt to prevent such bleeding. 

Intracoronary infusion of streptokinase in acute 
myocardial infarction has been shown to reduce in- 
and preservation of left ventricular 
and improvement in six month 
mortality* have been reported. Although selective 
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thrombolysis with low dose streptokinase was very 
effective in achieving reperfusion of occluded coro- 
nary arteries, systemic fibrinolysis was common. 7? 
The combination of intra-arterial instrumentation 
and systemic fibrinolysis when streptokinase is given 
by the intracoronary route may promote serious 
bleeding complications in acutely ill patients with 
myocardial infarction. 

We analysed the risk of bleeding associated with 
intracoronary streptokinase treatment in acute myo- 
cardial infarction in a randomised multicentre study. 


Patients and methods 
The following four hospitals participated in a multi- 


centre study in the Netherlands: Thoraxcenter, Di- 
jkzigt Hospital, Rotterdam; Free University 
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Hospital, Amsterdam;  Zuiderziekenhuis, Rot- 
terdam; and Annadal Hospital, Maastricht. Between 
May 1981 and December 1983, 302 patients who 
met the following criteria entered the trial: (a) typi- 
cal history and symptoms of acute myocardial in- 
farction within 4 hours of admission; (b) 
electrocardiographic changes typical of acute trans- 
mural myocardial infarction (that is, ST elevation in 
the standard leads of 20-1 mV or ST elevation of 
20-2 mV in the precordial leads); (c) age <70 years; 
(d) absence of earlier streptokinase treatment, coro- 
nary bypass operation in the area infarcted at admis- 
sion, recent trauma, prolonged cardiac massage, 
menorrhagia, pregnancy, unconsciousness, active 
gastric ulcer, haematuria, or stroke. Data on the pa- 
tients at admission are given in Table 1. After ad- 
mission to the study the patients were randomly 
allocated to either intracoronary streptokinase treat- 
ment (n= 152) or conventional treatment (п = 150). 
Informed consent was obtained from patients ran- 
domised to the streptokinase group. They under- 
went coronary arteriography by the transfemoral 
(fudkins) route through a French 7 introducer 
sheath. An intravenous bolus injection of 250 mg 
acetylsalicylic acid, 100 mg hydrocortisone, and 
5000 units of heparin was then given. In patients in 
whom the infarct related coronary artery was oc- 
cluded, intracoronary streptokinase was infused at a 
rate of 4000 units per minute. Coronary arte- 
riography was repeated every 15 minutes to check 
whether reperfusion had taken place. After reper- 
fusion, if any, the infusion of streptokinase was con- 
tinued for at least 15 minutes. Intracoronary 
streptokinase infusion was limited to a maximum of 
60 minutes corresponding to a maximum dose of 
250 000 units. When the infarct related coronary ar- 
tery was patent on the first arteriogram, the artery 
was perfused with 4000 units of streptokinase per 
minute for 15 minutes. А left ventricular cine- 


'Table 1 Characteristics mean ( SD) of patients before 
randomisation 


Streptokimase Control 


No of patients 152 150 

Sex (% male) 82 85 

Age (yr) 54 6(9 3) 54:5 (8 9) 
Use of oral anucoagulants 6 

Use of antiplatelet drugs 0* 6* 
Resuscitated 4 2 

Systolic blood pressure (mm Hg) 133 1 (28-2) 133 3(27 1) 
Diastolic blood pressure (mm ^ 85 3(17 2) е 5) 
Heart rate (beats/min) 72 9(15 2) 73 1(17 2) 
Haemoglobin (mmol/l) 92(09) 92(0 9) 
Haematocrit 0 44 (0-04) 0 44 (0-04) 
Lactate dehydrogenase (U/l) 249 (105) 245 (96) 





булы ; Haemoglobin. 1 mmol/l = 16 


8/41. 
Lactate dehydrogenase: 1 ОЛ = 16 67 nkat/l. 
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angiogram was then obtained and left ventricular 
pressures were recorded. The arterial catheter was 
removed and the femoral artery introducer sheath 
remained in place for 24—48 hours. 

А Swan-Ganz catheter was introduced by femoral 
(only in the streptokinase patients), subclavian, jug- 
ular, or brachial vein puncture by a French 8 intro- 
ducer sheath and the catheter remained in the 
pulmonary artery for 24 to 48 hours. Heparin in- 
fusion of 10 000—20 000 units per 24 hours and cou- 
madin were started in the coronary care unit. 
Heparin infusion was stopped when the partial 
thromboplastin time exceeded 120 sec. 

Patients in the control group underwent con- 
ventional treatment and had haemodynamic moni- 
toring with a Swan-Ganz catheter in the same way as 
the patients in the streptokinase group. Anti- 
coagulation with heparin and coumadin was identi- 
cal to that given to patients in the streptokinase 
group. In 13 patients (9%) allocated to streptokinase 
treatment, catheterisation was not performed be- 
cause of technical difficulties or because the patient 
refused. Three patients (2%) allocated to con- 
ventional treatment had intracoronary infusion of 
streptokinase during the acute phase. The results 
were analysed on the basis of intention to treat. 

Venous blood samples were taken at admission 
and at 3, 6, 12, 18, 24, 36, and 48 hours after admis- 
sion for laboratory tests including haemoglobin con- 
centration and haematocrit. Standard medical care, 
including analgesics, diuretics, and inotropic sup- 
port, was given to all patients.!? The occurrence of 
bleeding, thrombosis, pulmonary embolism, recur- 
rent angina and infarction or both, left ventricular 
failure, and arrhythmias was recorded. Blood trans- 
fusions were given according to the instructions of 
the consulting physicians. Haemoglobin concen- 
trations which were below 7-0 mmol/l (11-2 g/dl) at 
admission or during the first 48 hours after acute 
myocardial infarction were regarded as an indication 
for blood transfusion. 

Bleeding was defined as the occurrence of hae- 
matoma, haemoptysis, haematemesis, melaena, hae- 
maturia, or an intracranial event within 48 hours of 
admission. Swelling was regarded as an essential fea- 
ture of the diagnosis of haematoma at the puncture 
site. To estimate the change in haematocrit during 
routine heart catheterisation, we studied 43 other 
patients, aged <70 years, undergoing elective coro- 
nary angiography and left ventricular cine- 
angiography because of chest pain. The haematocrit 
was determined 24 hours before and 24 hours after 
the procedure. The arterial catheterisation pro- 
cedure was identical to the procedure used in the 
study, except that streptokinase, acetylsalicylic acid, 
and hydrocortisone were not infused. The arterial 
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catheter sheath was removed immediately after the 
patients had received 50 mg of protamine sulphate 
intravenously. 


STATISTICAL ANALYSIS 

The results were analysed by Student’s ¢ test for 
either unpaired or paired data, or by the у? test for 
frequency distribution analysis. 


Results 


CHARACTERISTICS OF PATIENTS BEFORE 
RANDOMISATION 

Apart from the more frequent use of anti-platelet 
drugs in the control group there were no signficant 
differences between the two groups before random- 
isation (Table 1). 


BLEEDING, SITE OF BLEEDING, AND 
TRANSFUSION REQUIREMENT 

Twenty four patients (16%) in the streptokinase 
group had manifest bleeding which caused groin 
haematomas in all of them. None of this group had 
bleeding at other sites. Two patients (1%) on con- 
ventional treatment had bleeding—one groin hae- 
matoma and one haematoma at a venepuncture site 
on the forearm. There were no deaths from bleeding 
in either group. Patients in the streptokinase group 
needed 66 units of packed cells compared with 17 
units in the control group (p « 0:0001). In the strep- 
tokinase group 50 units of packed cells were given to 
patients with manifest bleeding (16 patients) and 16 
units to patients without manifest bleeding (eight 
patients). Analysis of the characteristics of all pa- 
tients before randomisation (Table 1) in relation to 
these results showed that only age was of predictive 
value. There was bleeding ın 15 (28%) of the 53 
patients aged 760. Only nine (10%) of those aged 
«60 had bleeding complications. Thirty two per 
cent of the patients with bleeding complications and 
16% of those without were female. This difference is 
not statistically significant. The control group re- 
quired transfusions of 17 units of packed cells to 
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eight patients including one with manifest bleeding. 
Table 2 summarises these results. 


FALL IN HAEMATOCRIT 

We excluded results from 98 patients (56 allocated 
to streptokinase and 42 to conventional treatment) 
from the analysis because haematocrit values were 
missing at admission or during the first 48 hours (82 
cases), because patients allocated to streptokinase 
had received conventional treatment (13 cases), and 
because intracoronary streptokinase had been given 
to three conventionally treated patients. Hae- 
matocrits at entry and the lowest values observed in 
the first 48 hours after entry were recorded in the 
remaining 204 patients (97 in the treated group and 
107 in the controls). Characteristics before random- 
isation were no different in this subgroup than in the 
total group as defined in Table 1. The mean (SD) 
fall in haematocrit was 0-05(0-04) in the strep- 
tokinase treated group and 0:03 (0:04) in the con- 
ventionally treated group. 

Table 3 shows the characteristics, the dose of 
streptokinase, and the fall in haematocrit in these 
patients in relation to bleeding complications. There 
were no differences 1n the characteristics before ran- 
domisation among the three groups. As expected, in 
the streptokinase group there was a larger fall in hae- 
matocrit 1n the patients with manifest bleeding than 
in those without. The fall in haematocrit in the latter 
group, however, is still significantly higher than in 
the controls, indicating that there may have been oc- 
cult bleeding without manifest bleeding ın the strep- 
tokinase treated patients. The dose of streptokinase 
was similar in patients with manifest bleeding com- 
plications and in those without. 


SYSTEMIC FIBRINOLYSIS 

Venous fibrinogen concentrations were measured 
before and immediately after intracoronary strep- 
tokinase infusion in 24 patients in the streptokinase 
group (four patients with and 20 without manifest 
bleeding). Systemic fibrinolysis was judged to have 
occurred when the fibrinogen concentration 











Table 2 Frequency of bleeding and transfusion requirement зп all patients 
Streptokinasa Control 
Bleeding Non-bleeding Bleeding Non-bleeding 
No of panents 24* 128 2 148 
Sex (% male) 71 84 0 86 
Age over 60 years 15 (63%) *** 38 (30%) 2(100%) 37 (25%) 
ons (units) 50** 16 4 13 
Peas transfused 16 (67%) 8 (6%) 1 (50%) 7 (5%) 


Po 0001, vs control group. 
**p «0 0I, vs control group. 
***p <0 01, vs non-bleeders in the streptokinase group. 
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Table3 Fallin haematocrit, dose of streptokinase, and transfusion support in 204 patients (mean (SD) ) 





Streptokinase group 
Bleeding 

No of patients 18 

Baseline haematocrit 0 42(0 02) 

Fall in haematocnt 0 07 (0 04) 

Dose of streptokinase (x 10? units) 234 (58) 

Transfusions (units) 40 

Patients (no) 11(61%) 





Controls 
Non-bleeding 
79 . 107 
0 45 (0 04) 0 $300 04) 
0 05 (0 04) 0 03 (0-04) 
218 (80) И 
6 
34%) 6 (6%) 





жр < 0 001 v: control group. 


dropped to 50% or less of the original value. 

Systemic fibrinolysis occurred in 19 (79%) of the 
24 patients tested. The fall in haematocrit 
(0-05 (0-03)) in the patients without systemic 
fibrinolysis was greater than the fall in those with 
fibrinolysis (0-01 (0 03), p<0-05). There was mani- 
fest bleeding in four patients (21%) with systemic 
fibrinolysis and in none of the patients without sys- 
temic fibrinolysis. ` 


DOSE OF INTRACORONARY STREPTOKINASE 
AND FALL IN HAEMATOCRIT 

There was no correlation between the dose of intra- 
coronary streptokinase given to the 97 patients 
shown in Table 3 and the fall in haematocrit 
(Figure). 


HAEMATOCRIT BEFORE AND AFTER ELECTIVE 
CATHETERISATION 
There was no change in haematocrit in patients 
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Figure Fallin haematocrit and dose of mtracoronary 
streptokinase in 97 patients. 


undergoing elective heart catheterisation (0-45 (0-02) 
before and 0-45 (0:04) 24 hours after cath- 
eterisation). 


Discussion 


Although controlled trials have not confirmed the 
efficacy of intravenous streptokinase treatment in 
acute myocardial infarction,!!!? they have shown 
that a dose of 2-5 million units in 24 hours may safely 
be given. There were reports of non-fatal bleeding 
complications in 0-25% of patients but they did not 
require transfusion.!!^!? The effective intra- 
coronary dose of streptokinase is quite low but arte- 
rial puncture and instrumentation themselves 
increase the risk of bleeding. The reported fre- 
quency of haemorrhagic complications associated 
with intracoronary streptokinase varies from 0%, to 
239,.341415 Isolated reports of bleeding after intra- 
coronary streptokinase! may merely reflect normal 
complications of myocardial infarction. Hae- 
morrhagic infarction! 7!8 with or without ventricular 
rupture can occur without fibrinolytic treatment. 

We found bleeding in 16% of patients treated 
with intracoronary streptokinase. Bleeding occurred 
exclusively at the femoral puncture site and substan- 
tial transfusion support was necessary. Bleeding re- 
sulted in a large drop.in haematocrit. 

'The haematocrit usually falls to 0-02 in the first 
few days after acute myocardial infarction.!? But the 
fall in patients treated with streptokinase (even in 
those without manifest bleeding) was significantly 
higher than that 1n the control group. This suggests 
that there was occult bleeding in the group given 
streptokinase. Such bleeding is minor, of unknown 
origin, and has no clinical consequences. It is not the 
result of standard anticoagulation (intravenous 
heparin and oral coumadin), since control patients 
on the same regimen had a significantly smaller fall 
in haematocrit. Nor can it be attributed to venous 
catheterisation because most patients had this pro- 
cedure. Furthermore arterial catheterisation per se 
does not necessarily cause a drop in haematocrit, 
since in our hands elective catheterisation did not 
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change haematocrit. Though it is a time consuming 
procedure that is unpleasant for the patient, there 


are likely to be benefits associated with the low dose 


of streptokinase-used in selective infusion. Systemic 
fibrinolysis, however, is often seen in intracoronary 
streptokinase treatment? ^? as well as in intravenous 
streptokinase infusion, and this complication has 
even been correlated with the success of the pro- 
cedure.?°~?? We found systemic fibrinolysis in 80% 
of patients screened. The fall in haematocrit was 
higher in patients with systemic fibrinolysis than in 

‘those without. This confirms the correlation be- 
tween bleeding and systemic fibrinolysis. !* Bleeding 
in patients undergoing intracoronary streptokinase 
infusion was apparently caused by streptokinase in- 
duced systemic fibrinolysis together with the arterial 
catheterisation and the use of intravenous acetyl- 
salicylic acid and hydrocortisone. Bleeding was not 
related to the dose of streptokinase given, as has al- 
ready been shown by others.!^ — ' 


CLINICAL IMPLICATIONS | 
There is a definite risk of non-fatal major arterial 
bleeding associated with intracoronary streptokinase 
treatment. This is attributable to the combined use 
of streptokinase with a catheterisation procedure. 
Bleeding was three times more common in patients 
over the age of 60 than in younger patients and ten- 

- ded to be more common in females. The appearance 
of a groin’ haematoma after intracoronary strep- 
tokinase treatment indicates important bleeding and 
transfusion support was required by about 70% of 
patients with this complication. The use of more 
specific fibrinolytic agents such as tissue plas- 
minogen activator,?* might avoid these compli- 
cations. . 


` 
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SUMMARY Of 510 patients admitted to hospital with acute myocardial infarction, 34 had coronary 
artery bypass grafting before discharge (6—43 days (median 20) after infarction). The patients who 
were given grafts generally had a smaller infarction with less functional impairment than the 476 
patients who were not. The outcome of coronary artery bypass grafting was investigated in a 
retrospective matched pair study. Patients were matched on the basis of the presence of post- 
infarction angina, left ventricular ejection fraction, location of the infarction, peak creatine kinase 
activity, Killip clinical class, and severity of coronary disease with 34 patients who were given 
medical treatment only. At one year follow up fewer of the operated patients had symptoms than 
did the matched non-operated patients. Survival at one year in the operated and non-operated 
groups respectively was 94% vs 91%; angina within one year occurred in 3% vs 68%; congestive 
heart failure in 3% vs 6%; and 0% vs 32% were referred for later bypass grafting or coronary 
angioplasty. 

It is concluded that coronary artery bypass grafting can be performed safely soon after myo- 
cardial infarction provided that left ventricular function is not seriously compromised. Such 
treatment is more effective than medical treatment for relief of angina during the first year after 


infarction. 


Referral for coronary artery surgery early after acute 
myocardial infarction presents a dilemma to the car- 
diovascular team. It has long been maintained that 
surgery at this stage carries substantial operative 
risks; recent reports, however; suggest that such es- 
timates of operative mortality and complications 
may be unduly pessimistic.! ? DeWood etal and 
Berg etal have reported that surgery can be safely 
performed in the acute phase of infarction with ex- 
cellent results.‘ When pharmacologically uncon- 
trolled angina indicates the likelihood of further 
deterioration, the indication for surgery is clear, es- 
pecially since it may be possible to salvage the jeop- 
ardised myocardium. The possibility that surgery 
will improve long term survival or prevent rein- 
farction in this group of patients, however, has not 
been proven. 

For the past few years we have referred patients 
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for coronary bypass surgery when recurrent angina 
was refractory to pharmacological treatment, in 
some patients soon after acute myocardial infarction 
and in others when angina was induced by mild ex- 
ertion and associated with severe coronary lesions. It 
has been our impression that this could be done at 
low risk and with good long term results. 

We have compared results in a group of patients 
operated on soon after infarction with results in all 
other patients seen over the same period who re- 
ceived only pharmacological treatment. We have 
also compared them with a matched pair series of 
patients at similar risk and with similar symptoms 
who were not operated on. Over a one year follow up 
we compared mortality, reinfarction, late referral to 
bypass surgery or coronary angioplasty, and recur- 
rence of complaints. 

The sole criterion for inclusion in the surgery 
group was that the patient had isolated coronary ar- 
tery bypass grafting soon after an acute infarction 
and before hospital discharge. Most had angina pec- 
toris at rest that was resistant to intensive medical 
treatment. There are always exceptional cases, how- 
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ever, generally those with angina during mild exer- 
tion or advanced proximal lesions or both. In this 
study we have chosen to include all cases referred to 
surgery before hospital discharge after an acute 
myocardial infarction. 


Patients and methods 


Myocardial infarction was diagnosed when at least 
two of the following were present: typical prolonged 
chest pain lasting at least 45 minutes; evolving QR 
complexes or Q waves of more than 0-04s duration 
with ST and T wave changes in the case of trans- 
mural infarction, or T wave inversion or ST depres- 
sion persisting for at least 24. hours without loss of 
the R wave or development of new Q waves in the 
case of non-transmural infarction; a typical rise and 
fall of total creatine kinase with a peak. activity 
greater than 100 IU/l (twice the upper limit for nor- 
mal in our clinic). 

From March 1981 to February 1983 there were 
529 admissions with acute infarction. Hospital treat- 
ment followed the guidelines described by Simoons 
et al.5 Four cases were referred for surgery because 
of mitral valve incompetence, ventricular septal de- 
fect, or free wall ventricular rupture, and fifteen 
were treated by elective percutaneous transluminal 
angioplasty before discharge. These nineteen pa- 
tients were excluded. ` 

ОҒ. the remaining patients, 34 had coronary 
surgery during the admission for myocardial in- 
farction and 476 did not. In 27 patients the indi- 
cation for operation was persistent angina pectoris at 


rest, refractory to medical treatment including beta 
blockers, calcium antagonists, and nitrates. Three of 
these patients were in Killip class III or IV during 
the acute phase of infarction. No patient was in 
severe heart failure or cardiogenic shock at the time 
of operation. The seven other patients did not have 
persisting angina at rest; three of them had angina 
during mild exertion and they were found to have 
severe proximal lesions, and four had severe prox- 
imal lesions in the infarct related artery after 
attempted intracoronary thrombolysis with strep- 
tokinase. Table 1 summarises the clinical data at en- 
try to the trial. The coronary score? was 15:5 (8:8) 
(mean (SD)), three patients were classified as having 
proximal three vessel disease, none had exclusively 
distal vessel disease. 

Seventy three (15%) of the 476 patients who were 
not referred to surgery also had post-infarction an- 
gina, but they were not offered surgery for various 
reasons: angina became responsive to medication; 
there were contraindications to surgery because of 
severe non-cardiac disease; some refused surgery; 
and in a few the coronary anatomy was not suitable. 
Poor left ventricular function was not regarded as a 
contraindication to coronary bypass operation. 

A subgroup of 34 non-operated patients was 
matched to the operated patients on the basis of age, 
presence of angina during the hospital stay, Killip 
class, left ventricular ejection fraction (radionuclide 
ventriculography) at discharge or before surgery, lo- 
cation of the infarction, peak serum creatine kinase 
activity, and anatomical severity of coronary artery 


. disease (greater than 50% diameter stenosis, coded 





Table1 Key prognostic variables used to select matched pairs from the larger series of non-operated patients to match the 
group of operated patients 
Variable Operated Matched nom-operated р All non-operated р 
No. of cases 34 > 34 — 476 — 
Age (years) 60-7 (6 1) 555(89) 001 58 3 (116) NS 
Post-infarction angina at rest 27 (79%) 25 (74%) NS 73 (15%) 0 0001 
Ejection fraction 0:48 (0 14) 0 49 (0 11) NS 0-45 (0 16) 
(31 cases) (34 cases) (358 cases) 

Location of MI: NS 0 025 

'Transmural anterior 9 (26%) 10 (2995) 189 (40% 

Transmural inferior 10 (29%) 9 (26%) 177 Оте 

Non-transmural 15 (44%) 15 (44%) 21% 

Undefinable/unknown 
Peak serum CK (IU/I) 420 (390) 420 (320) NS 610 (530) 005 
Киир class: NS 0 025 

I 25 (74%) 25 (74%) 278 (5896) 

II 6 (18%) 6 (18%) 113 (24%) 

TII or IV 3 (9%) 3 (9%) 85 (18%) 
Anatomical severity: NS * 

1 or 2 vessel disease 15 (44% 18 (53% 111 (23%) 

3 vessel or left mun vessel disease 19 (56% 16 (47% 45 (9%) 

Unavailable 0 0 322 (68%) 





Data are reported as events and percentage of cases or as mean (SD). Staustical comparisons: non-operated vs operated; NS, difference 


not significant at the 0 05 level 


Palabra a a ў 


МІ, myocardial i ; CK, creatine 
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as (a) one or two vessel disease or (b) three vessel 
disease or worse) (Table 1). Mean (SD coronary 
score? was 12:5(6-5), one case was classified as hav- 
ing proximal three vessel disease and five cases hav- 
ing exclusively distal vessel disease. 

Medication in the operated patients (at referral to 
surgery) was compared with that in the non- 
operated matched pairs: beta blockers in 85% of 
operated vs 80%, non-operated, calcium antagonists 
in 85% vs 60%, nitrates in 85% vs 70%, digoxin in 
18% vs 15%, and diuretics in 29% vs 33%. Treat- 
ment at discharge for all 476 non-operated patients 
included beta blockers in 44%, calcium antagonists 
in 19%, nitrates in 33%, digoxin in 25%, and di- 
uretics in 38%. The median duration from onset of 
the infarction to operation was 20 days (range 6 to 43 
days); 97% were operated on within 35 days. For 
those patients referred for operation, treatment with 
analgesics and sedatives had already been started, 
hence additional premedication was usually not re- 
quired. Intravenous fentanyl 15 ng/kg was used for 

‘induction of anaesthesia and O-lmg/kg pan- 
curonium was given to facilitate intubation. Treat- 
ment with intravenous glyceryl trinitrate and 
inotropics was determined on the basis of arterial 
pressure monitoring and in principle drug treatment 
continued until extracorporal circulation was estab- 
lished. The patient was ventilated with a servo- 
ventilator with a mixture of oxygen and nitrous 
oxide (40:60). Additional intravenous fentanyl and 
possibly pancuronium were given as required before 
sternotomy and later during operation. 

Coronary artery bypass grafting was performed 
with moderate systemic hypothermia (28°C) and 
cardioplegic arrest in combination with topical cool- 
ing by means of a saline solution (4°C). Cardioplegic 
arrest was accomplished by use of at least 500 ml of 
St Thomas’s solution (sodium chloride 91-6 mmol/l, 
potassium chloride 14-8 mmol/l, magnesium sul- 
phate 1-2 mmol/l, magnesium chloride 15 mmol/l, 
potassium dihydrogen phosphate 1:2 mmol/l, cal- 
cium chloride 1:2 mmol/l, and hydrochloride pro- 


Table 2 Clinical information before discharge from hospital 
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caine 1-0 mmol/l). This was administered through 
the aortic root after cross clamping. If cross clamp- 
ing lasted more than one hour after the initial in- 
fusion, cardioplegia was repeated every 60 minutes 
to maintain a flat electrocardiogram. 

A jump graft was constructed with a saphenous 
vein graft to all coronary arteries which had stenosis 
of 50% or more. One sequential vein graft was rou- 
tinely used and all distal anastomoses were made 
during cardioplegic arrest. The proximal anas- 
tomosis was made after removing the cross clamp 
during rewarming. The average revascularisation 
rate was 3-5 grafts per patient (6 cases with 5 grafts, 
11 with 4, 10 with 3, and 7 with 2). Sinus rhythm 
usually returned spontaneously. The left ventricle 
was always vented by means of a left ventricular 
drain. 

Ventilation in the postoperative period was con- 
tinued until the patient awoke and was hae- 
modynamically stable. Hypertension was treated 
with nitroprusside. The patient was extubated on 
the same day as operation or the next morning. 


Results 


Compared with the 476 non-operated cases, the 34 
operated cases had a greater frequency of non- 
transmural infarction, were more often in Killip 
class I, and had lower mean peak serum creatine kin- 
ase values, indicating less myocardial damage from 
the acute infarction. The ejection fraction, however, 
appeared tc be similar in both groups, but it was not 
known in 61 of 70 (87%) of patients who died in 
hospital compared with 60 of 444 (14%) hospital 
survivors. The mean(SD) ejection fraction of 
0-45 (0-16) for non-operated cases, because it is de- 
rived from the group containing the larger fraction 
of deaths, may therefore overestimate the true ejec- 
tion fraction for this group. Finally, the in-hospital 
mortality rate was 3% for operated cases vs 14% for 
all 476 non-operated cases (Table 2). АП these 





Variable Operated Matched non-operated p All non-operated P 

No of cases 34 34 — 476 — 
Males 27 (79% 29 (85%) NS 371 (79%) NS 
History of angina of more than 4 weeks 17 (504 11 Sod 001 145 (204 0 0005 
History of old MI 17 (50% 17 (5095 NS 145 (30% 002 
Wedge pressure (mm Hg) atadmission 98(61) 111(45) NS 133 (6 6) 005 
Cardiac index in CCU at admission toa 28(07) NS 26(08) 005 
Systemic arterial pressure 119 (20 126 (23) NS 121 (25) NS 
Length of hospital stay 22 (10) 18 (15) NS 12 (59) 0-0001 
Recurrent MI in hospital 4(12%) 3 е NS 24 (5%) NS 
Death in hospital 16%) 1 (3%) NS 69 (14%) 007 





Data are reported as events and percentages of cases or as mean (SD). Statistical comparisons: non-operated vs operated; NS, difference 


not significant at the 0 05 level 
MI, myocardial infarction; CCU, coronary care unit. 
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results indicate that patients referred for coronary 
artery bypass grafts were generally in a better condi- 
tion overall after their myocardial infarction than 
were the non-operated patients. Therefore some 
form of matching is required to obtain a meaningful 
comparison between the operated and non-operated 
patients. 

The size of the infarction appeared to have a bear- 
ing on the timing of operation; when peak serum 
creatine activity was <400 IU/I the median delay 
from date of myocardial infarction to operation was 
14 days compared with 26 days when creatine kinase 
was 2400 IU/I. 

One year survival in the operated cases was 94% 
compared with 91% in matched non-operated cases 
(Table 3). Two patients in the operated group died; 
both had had post-infarction angina and were in 
congestive heart failure in the acute phase of in- 
farction. The first death, in a man aged 65, occurred 
in the perioperative period and 7 days after the in- 
farction. He had an inferior infarction with peak se- 
rum creatine kinase activity of 530 10/1, an ejection 
fraction of 0-37, and three vessel disease. Death was 
caused by low cardiac output syndrome. АП grafts 
were found to be thrombosed. The second death, in 
a man aged 64, occurred 5 months after infarction 
and was caused by congestive heart failure. He had 
had an extensive inferior infarction with peak serum 
creatine kinase activity of 1595 10/1. 

There were three deaths in the matched non- 
operated group. The first occurred 26 days after in- 
farction due to cardiac rupture in a 60 year old man 
(inferior infarction, peak serum creatine kinase ac- 
tivity 400 IU/I, ejection fraction 0-41, three vessel 
disease, and with congestive heart failure in the 
acute phase). This patient did not have post- 
infarction angina in the acute phase but the other 
two did. The second death occurred at 70 days due 
to progressive cardiac failure in a 50 year old man 
(anterior infarction, peak serum creatine kinase ac- 
tivity 1360 IU/I, ejection franction 0-18, three vessel 
disease). The third death occurred at 67 days due to 
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congestive heart failure in a 67 year old man (ante- 
rior infarction, peak serum creatine kinase activity 
130 ТО, ejection fraction 0-24, history of previous 
infarctions, three vessel disease). 

Among the survivors at one year (22 operated, 31 
matched non-operated, and 356 non-operated cases) 
there were several highly significant differences. 
Cardiological events were infrequent in the operated 
cases; only one patient had angina and another had 
symptoms of congestive heart failure. Of the 356 
survivors in the non-operated group, 143 reported 
angina by one year (439/ of survivors), 57 had had 
an episode of congestive heart failure (16% of sur- 
vivors), and 30 were eventually referred to coronary 
artery bypass graft surgery (8%, of survivors). The 
comparison of operated survivors with the matched 
non-operated patients is even more striking. Of the 
31 matched non-operated survivors, 23 (74%) had 
angina by one year (five with angina Killip class IV, 
six with class III, and twelve with class II) and 10 
were referred for late coronary artery bypass surgery 
(3295). 'The frequency of recurrent infarction and 
congestive heart failure, however, is similar to that 
in the operated cases. 

Since the indication for coronary artery bypass 
grafting shortly after an acute infarction is recurrent 
angina resistant to medical treatment, it is pertinent 
to ask whether these cases differ in any other im- 
portant way from those without post-infarction an- 
gina. 'T'o avoid a selection bias, we considered only 
those patients who survived the first 72 hours after 
the acute event. Ninety eight patients presented with 
such post-infarction angina (21% of 472 patients 
surviving three days or more) (Table 4). There were 
no significant differences in the distribution of age, 
sex, or history of a previous infarction, although 
cases with recurrent angina do have a longer history 
of angina before the acute event. Ventricular func- 
tion is virtually identical 1n the two groups as is one 
year survival. At discharge beta blockers, nitrates, 
and calcium antagonists were more frequently being 
given to patients with post-infarction angina. 





Variable Operated Matched non-operated p All non-operated р 

No. of cases 34 — 476 — 
Death after discharge 1 (3%) 2(6%) NS 51 (1195) NS 
Survival at 1 year 32 (94%) 31 (9194) NS 356 (75%) 002 
Recurrent MI by 1 year 0 (0%) 0 (0%) NS 27 (6%) NS 
Angina by 1 year 1(3%) 23 (68%) 0 0001 153 (32%) 0 0001 
CHF within 1 year 1 (3%) 2 (695) NS 57 0295) 0 05 
CABG within 1 year 0 (0%) 10 (29%) 0 001 30 (6%) NS 
PTCA within 1 year 0 (0%) 1(3%) NS 5(1%) NS 





Data reported as events and percentage of cases. Statistical comparisons. non-operated vs operated; NS, difference not significant at the 


0 05 level. 


MI, myocardial infarction; CHF, congestive heart failure, CABG, coronary artery bypass graft surgery; PTCA, percutaneous 
—— transluminal coronary angioplasty. 
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Discussion 


Earlier reports on the outcome of bypass operations 
peformed soon after acute myocardial infarction 
were not encouraging. In 1974 Dawson etal re- 
ported a hospital mortality rate of 14-5% in 145 pa- 
tients operated on within two months of an acute 
myocardial infarction and a rate of 38%, in those 
operated within one week." At that time hospital 
mortality for elective coronary artery bypass graft 
surgery in patients without a recent myocardial in- 
farction was 6-2%, at the same hospital. Because this 
latter figure is considerably higher than that cur- 
rently reported?’ (less than 2% at most hospitals), it 
is likely that the surgical mortality for patients with 
acute infarction has also fallen, and, indeed, recent 
reports clearly demonstrate this fact. In 1985 Will- 
iams et al reported a hospital mortality rate of 2% in 
patients operated on within 30 days of infarction,? 
and Nunley et al reported a 3%, operative mortality 
rate ín those operated on within two weeks of in- 
farction; this was in a subgroup of 66 patients with 
threatened extension of infarction.’ In our series the 
operative mortality is one case out of 34 (395) while 
the one year survival (9495) accords with the recent 
reports mentioned above. The current operative 
mortality rate at our institution for all aortocoronary 
bypass surgery is 1-2%, with a 5 year survival of 
93-5%.'° While surgical mortality after acute in- 
farction has apparently improved greatly over the 
past decade, it still falls somewhat short of the excel- 
lent results of elective surgery. 

It should be borne in mind that our results are 
based on a retrospective study with all the lim- 
itations inherent in such an approach, and despite 
matching major differences remain between the two 
groups—these are responsiveness to medical treat- 
ment, unsuitable coronary anatomy for bypass 
surgery, and important non-cardiac disease. For ex- 
ample, five patients in the non-operated group had 
exclusively distal vessel disease whereas none of the 
operated group did. 

"There has been a substantial improvement in sur- 
gical technique and postoperative care since the 
early 1970s, and we agree with Nunley etal? that 
current results do mitigate the concern about at- 
tempting an early operation in patients with post- 
infarction angina. Nevertheless, we should continue 
to exercise caution. Because the current policy gen- 
erally excludes patients with extensive ventricular 
dysfunction, much of the risk of surgery has been 
eliminated at the outset. This is borne out by the fact 
that the two deaths in the operated group, one at 7 
days and the other at 5 months, occurred in patients 
with poor left ventricular function. Furthermore, it 


has been our policy to select patients in whom the , 
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infarction is small or caused relatively Ше func- 
tional impairment or both. Such patients would be 
expected to have a better prognosis whether or not 
they were operated on early, and this assumption is 
supported by the results in the matched pair series. 

We found no significant difference in survival be- 
tween patients with or without post-infarction an- 
gina (Table 4), nor was there a significant difference 
in survival between those operated on and the 
matched non-operated patients. It is doubtful 
whether operation would materially affect one year 
survival in any event since it was carried out too late 
to influence the primary infarct size itself.!! 
DeWood etal! and Berg etal* have reported that 
operation at a sufficiently early stage of infarction 
may limit infarct size and improve survival, al- 
though this can not be taken as proven since their 
patients formed a consecutive series without concur- 
rent controls. The major benefit of surgery in our 
ТаЫе4 Comparison of patients without and with 


post-infarction angina who survived the first 72 hours after 
myocardial infarction (472 patients) 





Variable Nopost-MI Post-MI р 
angina angina 
No of cases 374 98 — 
Agn (yem) 57 (12) 60 (10) NS 
es 301 (80%) 15 (77%) NS 
Length of stay (days) 12 50 8) 18-8 (10 7) 0 001 
Ejection fraction 0 45 (0 16) 0 46 (0 13) NS 
(303 cases) (86 cases) 
History of old MI 114 (30%) 36 (37%) NS 
History of AP for more 
than 4 weeks 110 (29%) 61 (62%) 0001 
Location of MI NS 
Transmural anterior 144 (38%) 31 С 
Transmural inferior 139 (37%) 34 (35% 
Non-tranarrural 85 (23%) 32 (33%) 
. Unknown/undefinable 6 1 
Peak serum CK (IU/I) 620 (540) 520 (420) NS 
Killip clinical class NS 
I 237 (63%) 64 (65%) 
II 90 ow 24 (24%) 
IH 23 (6%) 6 ear 
IV 24 (6%) 4 (496 
dr i rti ai 12 9 (6 5) 113(60) NS 
Cardiac index (l/min/m 28(08) 26(08) NS 
Mean arterial pressure 
(mm Hg) 123 (22) 123 (20) NS 
Death in hosrital 27 (195) 5 (5%) NS 
Death after discharge 
within one year 39 (10%) 12020 NS 
Non-fatal reinfarction 43 (11%) 12(1295) NS 
Total one year survival 317 (8595) 83 (85%) NS 
Medication at discharge: 
74 (20%) 19 M NS 
Beta blockers 147 (39%) 63 (64% 0001 
Digoxin 88 (24%) 18 (18%) NS 
Diuretics 129 (34%) 37 (38%) NS 
Nitrates 91 ОЙ 73 14 000! 
Calcium artagonists 46 (12%) 60 (61% 0001 
Andarrhytamics 18 (5% 4(4%) NS 





Data reported as events and percentage of cases or as mean (SD) 
All percentages computed over entire series of 374 and 98 cases 
respecuvely. NS, difference not significant at the 0 05 level. 

MI, myocardial infarction, AP, angina pectoris; CK, creatine 
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series thus is the effective management of refractory 
post-infarction angina. Nevertheless, the decision to 
perform bypass grafting for this indication soon af- 
ter infarction remains a matter requiring careful 
judgment in each patient. 

These data were gathered during a period when 
percutaneous transluminal coronary angioplasty 
started to gain acceptance at our institution. It is 
clear that angioplasty is having an impact on our pol- 
icy to refer patients for operation; more patients re- 
ceive angioplasty first, and those with unsatisfactory 
results or complications are later referred for oper- 


ation.!? Meyer etal have reported that angioplasty. 


can be carried out at low risk and with good early 
and late results in patients with unstable angina pec- 


тогів.! But results from randomised trials designed - 


to evaluate the long term success rate of this policy 


-have not yet appeared. Also it remains to be seen 


what effect the widespread availability of -thiim- 
bolytic agents such as recombinant tissue type plas- 
minogen activator!^ will have on the management of 
these patients. 

In summary, the results presented here for coro- 


nary artery bypass surgery after acute. myocardial | 
infarction show that this procedure can be carried- 


out with low operative mortality and one year mor- 
tality. In patients with post-infarction angina in 
whom an extension of infarction is threatened oper- 
ation should be considered provided that the infarct 
is small and that left ventricular function is good. 
We must emphasise, however, that if angina can be 


controlled by medical treatment early after in-. 


farction, then this remains the preferred approach. 


"The most striking difference between the operated , 


and non-operated matched pairs is the recurretice of 


angina within one year that required aggressive - 


medical. treatment, angioplasty, or córonary ыр 
graft surgery. 
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Myocardial infarct size and mortality in diabetic 
patients 


DJ GWILT, M PETRI, PW LEWIS, M NATTRASS, BL PENTECOST 
From the General Hospital, Steelhouse Lane, Birmingham 


SUMMARY The mortality rate from myocardial infarction is disproportionately high in diabetic 
patients. One explanation for this may be that diabetic patients incur more extensive myocardial 
necrosis. This possibility was examined in a three part study. Firstly, peak serum aspartate 
aminotransferase concentrations of all diabetic and non-diabetic patients admitted with myo- 
cardial infarction over a 16 year period were compared retrospectively. Secondly, peak aspartate 
aminotransferase concentrations in a series of diabetic patients and controls matched by age and 
sex were examined retrospectively. Thirdly, creatine kinase MB release and electrocardiographic 
measures of infarct size were investigated prospectively in a case/contro] study. Although cardiac 
failure and death were more common in the diabetic groups, there were no significant differences 
in estimates of infarct size between diabetic and non-diabetic patients in any of the studies. 
Therefore, the high case fatality rate amongst diabetic patients is not caused by increased 
myocardial damage. Presumably survival is prejudiced by factors operating before the infarction. 


Diabetic patients are at increased risk of death from 
myocardial infarction.!? Not only is there a higher 
incidence of infarction? but the case fatality rate is 
about 1:5 to 2:0 times higher than it is in non- 
diabetic patients. *5 

In general, the major determinant of mortality 
once the patient has reached hospital is the degree of 
myocardial necrosis," and, therefore, опе expla- 
nation of the diabetic death rate could be more ex- 
tensive infarction. There are theoretical reasons why 
this might be so—diabetic patients may have more 
extensive coronary disease?; local tissue oxygenation 
may be disproportionately impaired by a combina- 
tion of basement membrane thickening,” decreased 
deformability of red cells,!? increased viscosity,!! 
and hypercoagulability of blood!?; also a relative 
insufficiency of insulin’? 1s likely to lead to im- 
pairment of glycolysis (the only source of high en- 
ergy phosphate in ischaemia!^) and to an undue 
increase in non-esterified fatty acids which may fur- 
ther increase infarct size.!* 

'Therefore, in trying to unravel the cause of the 
high mortality from myocardial infarction in dia- 
betic patients it is important to determine whether 
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infarct size is greater in these patients. We have eval- 
uated infarct size in three separate surveys in an at- 
tempt to explore the possible causes of increased 
mortality from myocardial infarcnon in diabetic 
patients. 


Patients and methods 
We conducted three separate surveys. 


SURVEY 1967-83 

All patients known before admission to be diabetic 
who were admitted to the coronary care unit be- 
tween January 1967 and December 1983 with myo- 
cardial infarction were studied retrospectively. 
Myocardial infarction was diagnosed by the pres- 
ence of two out of three of the following criteria: 
ischaemic pain lasting more than 30 minutes; devel- 
opment o£ new Q waves of longer than 30 ms du- 
ration; and а rise in serum  aspartate 
aminotransferase concentrations to greater than 
twice the upper limit of normal. 

For convenience only half of the non-diabetic 
patients were evaluated. Four periods of two years 
(1967-68. 1972-73, 1977-78, and August 1981 to 
December 1983) were selected and all non-diabetic 
patients admitted to the coronary care unit with 
myocardial infarction during these years were 
identified. Patients in whom diabetes was diagnosed 
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only after admission were excluded from the study 
and patients who were re-admitted were treated sta- 
tistically as a second patient. Peak serum aspartate 
aminotransferase and hospital mortality were deter- 
mined from hospital records. The assay for aspartate 
aminotransferase has not altered over the past 16 
years. 


SURVEY 1979-83 

In a second retrospective study all diabetic patients 
admitted from January 1979 to December 1983 with 
myocardial infarction were matched by age (+5 
years) and sex with the next appropriate non- 
diabetic patient who was admitted. For these 
patients peak aspartate aminotransferase, hospital 
course, and mortality were determined. To be sure 
that peak aspartate aminotransferase concentration 
had been measured we excluded patients admitted 
more than 48 hours after the onset of pain and those 
who died less than 24 hours after the onset of pain. 


SURVEY 1982-84 

In a prospective study, all diabetic patients admitted 
from July 1982 to May 1984 suspected of having a 
myocardial infarction were paired with the next 
non-diabetic patient, matched by age (+5 years), 
sex, and presence or absence of a previous history of 
myocardial infarction (irrespective of the number of 
infarcts). Patients were excluded if the onset of pain 
occurred more than 12 hours before admission to the 
coronary care unit. Blood was sampled on admission 
and every eight hours for 72 hours. All patients sus- 
pected of having an infarction were studied, but pa- 
tients were later excluded if they did not meet the 
diagnostic criteria. Results from those who died 
within 72 hours (before the blood sampling was 
completed) were also excluded. 

All patients had electrocardiographic monitoring 
for 24 hours with access to immediate write-out. We 
noted arrhythmias that were unlikely to be over- 
looked: complete heart block, ventricular fibrillation 
and atrial fibrillation. Left ventricular failure (diag- 
nosed on the basis of the following—a third heart 
sound, widespread crepitations, or a chest x ray film 
showing pulmonary oedema) and cardiogenic shock 
(hypotension, poor perfusion, and low urine output) 
were also noted. 


Analysts of creatine kinase MB 

Plasma concentrations of creatine kinase MB iso- 
enzyme activity were determined by an immuno- 
inhibition method (kit no 300691; Boehringer 
Mannheim) at 340 nm and expressed as U/I at 37°C. 
Plasma specimens treated with edetic acid were used 
and a plasma blank correction was determined and 
applied to each specimen. 
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Calculanon of infarct size 

'The mean plasma concentration of creatine kinase 
МВ in a series of 30 hospital patients without myo- 
cardial infarction was 20 U/l and this was subtracted 
from all values of creatine kinase MB. The disap- 
pearance coefficient (kd) was calculated by applica- 
tion of exponential regression analysis to the 
descending portions of the creatine kinase MB time 
curve (using a Super-Brain Computer and Stats-pak 
programme). The infarct size was calculated by the 
formulas of Shell ега/!6 as modified by Norris 
et al.i? For small infarcts, where there is a degree of 
inaccuracy in the determination of kd, we made the 
arbitrary rule that if the correlation coefficient of the 
regression line was less than 0-95 that value of kd 
was rejected and the mean of the pooled values of kd 
was used. 


Comparison of creatine kinase MB kinetics 

We analysed the release of creatine kinase MB in the 
diabetic and non-diabetic patients by comparing the 
disappearance coefficient and the time to peak cre- 
atine kinase MB in the two groups. In addition, the 
creatine kinase MB released was found for each pa- 
tient at 6, 12, 18, and 24 hours by extrapolation of 
each curve and this was then expressed as a per- 
centage of total creatine kinase MB released, these 
percentage values were averaged for the two groups 
so that accumulation curves for diabetic or non- 
diabetic patients could be compared. 


Electrocardwgraphic analysis 

'To support the enzyme data we also used two simple 
electrocardiographic analyses of infarct size—QRS 
scoring!? and the presence or absence of reciprocal 
ST depression.!? For the QRS score the 12 lead 
electrocardiogram was recorded daily at a standard 
speed (25 mm/s) and sensitivity (1 mV/cm); the last 


‘available electrocardiogram up to and including the 


seventh day after infarction was analysed for this 
purpose. Patients with previous infarction, left ven- 
tricular hypertrophy, or conduction abnormalities 
were excluded from the QRS scoring study. Recip- 
rocal depression was defined as ST depression of 1 
mm or more in at least two leads remote from the 
infarct site and was scored as being present if seen on 
any electrocardiogram. Patients with electrocardio- 
graphic defects were also excluded from this study. 


Study size 

From our initial study of aspartate aminotransferase 
and mortality in non-diabetic patients, it was evi- 
dent that if the excess mortality in our hospital were 
solely the result of increased infarct size, then the 
diabetic population would be expected to have 50% 
more myocardial necrosis than the non-diabetic pa- 
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tients. Using this figure, a power of 90%, the stan- 
dard deviation of a pilot study on creatine kinase MB 
sizing of infarcts, and looking for significance at the 
5% level we calculated that data from 25 matched 
pairs were needed to exclude a positive result?? (in 
the end we recruited 38 pairs). 


STATISTICS 
Groups were compared by Student's ¢ tests and by 
y? tests with the Yates's correction as appropriate. 


Results 


RETROSPECTIVE STUDY 1967-83 

From 1967 to 1983, the 456 diabetic patients admit- 
ted with myocardial infarction had a hospital mor- 
tality of 33-695, in contrast to the 18:3% mortality 
(p«0-001) ш 1951 non-diabetic patients admitted 
over the four two year periods of the study. Serum 
aspartate aminotransferase levels and mortality data 
were available for 1516 (7895) of the non-diabetic 
patients and 328 (72%) of the diabetic group. The 
distributions of serum aspartate aminotransferase 
concentrations are almost identical in the two groups 
(Fig.1). Mortality increased with peak aspartate 
aminotransferase in both groups (Fig. 2), but at any 
aspartate aminotransferase concentration mortality 
in the diabetics exceeded that in the non-diabetics 
(p«0-001), suggesting that the excess mortality is 
not solely due to infarct size. 


CASEMATCHED STUDY 1979-83 

Over the period of this study 167 diabetic patients 
were admitted with infarction; 50 died (30%). Dur- 
ing the same period 228 (18:695, p « 0-001) of 1224 
non-diabetic patients died. We studied 120 pairs of 
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Fig.1 Distribution of peak serum aspartate ammo- 
transferase concentrations їп retrospective analysis of 
1967-83 data from diabetic and non-diabetic panents with 
myocardial infarction. 
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Peak serum aspartate aminotransferase (IU/1) 


Fig.2  Mortahty of peak serum aspartate aminotransferase 
concentrations in 1967-83 retrospective analysis of diabetic 
and non-diabetic patients with myocardial infarction 
Numbers above the bars are the number of patients. 


patients from these groups; the two age and sex 
matched groups were similar (Table 1) for preva- 
lence of hypertension, previous myocardial in- 
farction, and renal dysfunction (as judged by 
admission creatinine concentrations). Arrhythmias 
were not more common in the diabetic group but 
haemodynamic problems (cardiogenic shock plus 
left ventricular failure) were (49% compared with 
28% in the non-diabetics, р « 0:01), and Killip and 
Kimball grading was also significantly different in 
the two groups.”! In the diabetic group there was a 
statistically significant increase in the frequency of 
cardiogenic shock and an increase (but not a 
significant one) in left ventricular failure. To test for 
bias in our clinical haemodynamic assessment we 
looked at the death rate for each heart disease cate- 
gory. For cardiac failure, 2794 of the diabetic and 
23% of the non-diabetic patients died and for car- 
diogenic shock 94% of diabetic and 100% of non- 
diabetics died. These values are so similar that 
diagnostic bias seems unlikely. The death rate in the 
diabetic group was higher than that in the non- 
diabetic group (23% vs 9%, p « 0:01); the overall 
death rate was lower than that in the 1967—83 survey 
because of the exclusion criteria used. But despite 
the higher frequency of haemodynamic failure and 
death in the diabetics serum aspartate amino- 
transferase concentrations were almost identical in 
the two groups (mean diabetic concentration 366 
U/l, mean non-diabetic 357 U/l, Fig. 3). This ac- 
cords with the conclusions of the previous study that 
excess mortality in diabetic patients is not simply 
due to infarct size. 


PROSPECTIVE CREATINEKINASEMBCASE 
CONTROLSTUDY (1982-84) 

Sixty five diabetics were admitted to hospital in this 
study period and 24 were excluded (10 died before 


=. 
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Table 1 Survey 1979-83 
Patients Dxabetic Non-diabetic Sigruficance 
No 120 . 120 
Age in years 62 4(9 2) 62 2(9 0) NS 
Sex 91 male 91 male NS 
Previous history 
Hypertension . 15 a 19(16%) NS 
Myocardial infarction 27(23% 15(13%) NS 
Serum creatinine > 125 umol/l 28 (25%) PU d NS 
Serum creannine > 300 pmol/i 101%) 2(2%) NS 
Complications 
Atal fibrillanon 190620 18 (1595) NS 
Complete heart block 16(13% 8(7%) NS 
Ventricular fibrillation 10(8%) 14(12%) NS 
Left ventricular failure 41(34%) 31 (26%) NS 
Cardiogenic shock 18.15%) 3 (3%) p<001 
Left ventricular failure and shock 59 (49%) 34(28%) р<001 
Кипр grades 
1 75 98 
2 23 19 р<0 01 
3 10 2 
4 12 1 
Death 
28 (23) 119) р<001 
Engymes 
Serum aspartate aminotransferase (ОЛ) 366 (322) 357 (236) NS 





Figures are means (1 SD) and percentages Serum creatinine was measured at admission ш only 110 diabetics and 106 non-diabetc 


patients, 





Aspartate ammotransterase (10/1) 


Fig.3 Distribution of peak serum aspartate 
aminotransferase concentrations in 1979-83 survey of 
diabetic and non-diabetic patients unth myocardial 
infarction. Horizontal lines indicate mean values. 


completion of enzyme sampling, 11 arrived 12 hours 
or more after the onset of pain, and three were 
excluded at the request of their own physician). Of 
the 41 remaining patients two could not be matched 
by the end of the study and one had a reinfarction 24 
hours after admission. These patients were not 
included. 

The 38 study patients (Table 2) had been 
diagnosed as diabetic a mean of 11-2 years ago; seven 
were being treated by diet, 20 with oral agents, and 
11 with insulin; five had some degree of retunopathy, 
three had proteinuria, and three had peripheral 
vascular disease. The histories of diabetic and 
non-diabetic patients were similar but fewer diabetic 
patients were current smokers. The frequency of 
arrhythmias was similar in the two groups.There 
was a trend to more haemodynamic complications 
but the numbers are too small for valid statistical 
analysis. Because of the exclusion criteria the death 
rate was low in both groups. 

Whatever the method of assessment used diabeuc 
patients did not have larger infarcts than 
non-diabetic patients (Table 3). The 95% 
confidence limits of the sum of creatine kinase MB 
release are such that infarct size in diabetic patients 
might have exceeded by up to 33 U/l that in 
non-diabetics, but the chance that a larger excess 
could have been missed is less than 2-5%. If the 
non-diabetic sample is assumed to be identical with 
the non-diabetic population, the maximum excess 
diabetic infarct size that could be missed by chance 
(at the 2-5% level) would £the infarct size in 
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Patients Diabenc Noa-diabetic Sigmficance 
he 7 9 4) r^ (9 0) NS 
ш 607 7 
Sicut 21 а 27 male NS 
Previous history 
Hypertension 11(29%) 13 eect} NS 
Myocardial infarction 10(26%) prt NS 
Angina 4(11%) 5 (13%) -NS 
Current smoker 9 (24%) 21 (55%) р<001 
Electrocardiogram abnormality 
Anterior mfarct - 17 15 
Inferior infarct 19 22 NS 
Right bundle branch block 1 1 
Left bundle branch block 1 0 
Comphcations 
Atrial fibrillation 6 D. 5(13%) NS 
Complete heart block 3 ае 4(11%) NS 
Ventricular fibrillation 3(8% 4(11%) NS 
Left ventricular failure 17(45% 10:(26%) NS 
Cardiogenic shock 3 (89, 2(5%) NS 
Left ventricular failure and shock 20 (53%) 12(32%) NS 
Кувар 
1 31 33 
2 5 4 NS 
3 2 0 
4 0 I. 
Death 
3 2 NS 
Figures are means (1 SD) and percentages. 
'Table3 Estimation of infarct size 
Diabetic Non-diabetic Significance 
By 
Peak aspartate aminotransferase (0/1) 472 (402 421 (321) NS 
Peak creatine kinase MB (ОЛ) 240 (129 297 (174) NS 
Sum of creatine kinase MB (ОЛ) 414 (241 525 (382) NS 
Creatine kinase MB em equivalent) 24 0(14 3) 31-7 eh NS 
Creatine kinase MB (g/m?) 13 3(7 9) 17-1(131 NS 
By electrocardiogram 
Reciprocal depression 22(61%)* 21(5795)t NS 
QRS. Score 57 (32) 6-9 (3-5)t NS 





*36 patients available for analysis. 137 patients available for analysis. 123 patients available for analysis. NS, not significant. 


Figures are means (1 SD) and percentages. 


Table 4 Creatine kinase MB kinetics in diabetic and non-diabetic patients with myocardial infarction 











Daabetic Non-drabenc Significance 
pearance coefficient (kd) —0-071 —0 068 NS 
Time to peak creatine kinase ) 7 228 NS 
Percentage of total creanne ksnase MB released by 
6h 13 10 NS 
12h 40 41 NS 
18h 68 71 NS 
24h 85 90 NS 
NS, not significant. 


non-diabetic patients. The creatine kinase MB 
kinetics of diabetic and non-diabetic patients were 
compared (Table 4). The coefficient of 
disappearance (kd), time to peak creatine kinase MB 
concentration, and the rate of release of creatine 


kinase MB expressed as a percentage of total creatine 
kinase MB release were identical in the diabetic and 
non-diabetic groups. 

The 12 lead electrocardiographic data were 
examined for the two semiquantitive indices of 


Myocardial infarct size and mortality in diabetic patients 


infarct size—reciprocal ST depression and QRS 
Score—and results in the diabetic and non-diabetic 
patients were almost identical. Therefore, it is very 
unlikely that diabetic patients have bigger infarcts 
than non-diabetic patients. 


Hyaluronidase 

For some years this hospital has been assessing the 
effect of treatment with hyaluronidase (GL enzyme) 
on myocardial infarction.?? Twenty three per cent of 
patients in the 1979-83 survey and 20% of those in 
the 1982-84 survey were given the drug. This is 
unlikely, however, to have altered our conclusions 
because in our experience”? and that of others?? 
hyaluronidase does not reduce infarct size in man as 
judged by cardiac enzyme release (aspartate 
aminotransferase or creatine kinase MB). Also it 
could not alter the significance of the observation 
that there is disparity between enzyme 
concentrations and mortality in the two groups; and, 
finally, the results are unchanged by exclusion from 
the analysis of all patients receiving hyaluronidase. 


Discussion 


The frequency of diabetes among all patients 
studied may have been underestimated because 
many were seen before haemoglobin A, estimation 
had become common ppractice.2* Even so, 
approximately 2% of the apparently non-diabetic 
population was found to be diabetic on admission to 
hospital and these patients have been excluded from 
the study. The remainder of the non-diabetic 
population may have contained a further 2-3% of 
diabetic patients? who could now be detected by 
measurement of haemoglobin A, but this is too 
small a figure significantly to influence the results. 

To our knowledge no one has examined the 
validity of creatine kinase MB kinetics as an estimate 
of infarct size in the diabetic patient. This requires a 
parallel necropsy study which we did not perform, 
nor were sufficient patients available for such a 
study. But the disappearance coefficients, the time to 
peak creatine kinase MB concentrations, and the 
rates of accumulation of creatine kinase MB are all 
so similar in the two groups (Table 4) that it seems 
very unlikely that creatine kinase MB kinetics differ 
in diabetic patients. 

Among those diabetic patients reaching hospital, 
the majority of deaths (80-85%) are due to pump 
failure.?® In this respect they are no different from 
non-diabetic patients (and this study shows that 
arrhythmias are not more prevalent in diabetics and 
previous work from this hospital also indicates that 
ketoacidosis is a rare (395) complication of infarction 
in diabetic patients?"). An alternative explanation of 
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the high mortality in diabetic patients could be that 
they have a greater degree of myocardial necrosis 
which in turn might be due to more extensive 
coronary atheroma in diabetes; poor tissue oxy- 
genation due to abnormalities of the micro- 
circulation? ^ )?; ог the pronounced impairment of 
glycolysis'* and raised non-esterified fatty acid 
concentrations!? that would be expected in the 
diabetic patient after infarction. 

We have examined the possibility of a systematic 
increase in infarct size in diabetics by using three 
complementary sets of observations—a retro- 
spective 16 year study of all diabetics with a 
relatively non-specific enzyme method of estimating 
infarct size, a matched series in which aspartate 
aminotransferase was measured, and a study which 
excluded some of the more seriously ill patients but 
which used a more specific and precise enzyme 
technique (creatine kinase MB) reinforced by 
analysis of the 12 lead electrocardiogram. In none of 
these three sets of patients did the diabetic patients 
have larger infarcts than the non-diabetic ones. This 
accords with the results of Jaffe etal who showed 
that although diabetic patients have increased rates 
of cardiac failure after myocardial infarction, infarct 
size in these patients is less than that of the 
non-diabetic patients.?° 

Thus, although in theory there are mechanisms by 
which the diabetic might be at risk of more extensive 
infarction, these do not appear to be important in 
practice. We have also found that careful metabolic 
control after infarction has little effect on 
mortality.29 Therefore, the unknown cause of the 
excess death rate may well operate before the fatal 
infarction occurs. The most likely explanation 
appears to be previous left ventricular disease, 
possibly vascular in origin or possibly related to 
some other aspect of diabetes. Attempts to improve 
survival among diabetic patients should be 
instituted before the onset of infarction. 
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Classification of non-Q-wave myocardial infarction 
according to electrocardiographic changes 
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TETSUYA SUMIYOSHI, KENICHI FUKAMI, YOICHI GOTO, MASAO IKEDA 


From the Division of Cardiology, Department of Medicine, National Cardiovascular Centre, Osaka, Japan 


SUMMARY The characteristics of 93 patients in whom electrocardiographic recordings were ob- 
tained within 12 hours of the onset of non-Q-wave myocardial infarction were studied. Patients 
were divided into the three groups according to what electrocardiographic changes were seen. 
Forty nine patients had ST segment depression, 35 had ST segment elevation, and nine had T 
wave changes. Patients with ST segment depression had a higher rate of pump failure and multi- 
vessel disease than the other two groups. There were no significant differences in peak serum 
creatine kinase activity among the three groups. Twelve of 13 patients who died of non-Q-wave 
myocardial infarction in hospital had ST segment depression. Furthermore nine of them had 
attacks of non-Q-wave myocardial infarction with severe ST segment depression in many leads. 
At necropsy five of six patients who had shown severe ST segment depressions in many leads at 
the onset of non-Q-wave myocardial infarction were found to have circumferential sub- 
endocardial lesions with triple vessel disease. 

This study suggests there are electrocardiographic subtypes of non-Q-wave myocardial in- 


farction that are associated with specific patient characteristics. 


Acute myocardial infarction has been divided into 
transmural myocardial infarction and  non- 
transmural myocardial infarction on the basis of the 
development of abnormal Q waves. Several previous 
studies comparing the characteristics of patients 
with non-transmural myocardial infarction and 
transmural myocardial infarction have reported 
conflicting results. Although some studies reported 
a lower hospital mortality in patients with non- 
transmural myocardial infarction than in those with 
transmural infarction.'? in others no significant 
differences were seen between the two groups.) 5 
This may be because several clinical subtypes are 
included in the category non-transmural myocardial 
infarction. Few attempts have been made to identify 
these subtypes. ^ ? Equally important is the inability 
to distinguish between non-transmural and trans- 
mural myocardial infarctions on the basis of abnor- 
mal Q waves alone.? It is more accurate to use the 
terms Q wave infarctions and non-Q-wave in- 
farctions.? 
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We have investigated the characteristics of sub- 
types of non-Q-wave myocardial infarction. ‘These 
subtypes were classified into three groups according 
to the electrocardiographic changes seen at the onset 
of infarction. 


Patients and methods 


Patients—Four hundred and seventy seven con- 
secutive patients were admitted to the coronary care 
unit at the National Cardiovascular Centre Hospital 
between October 1977 and June 1982 with sus- 
pected acute myocardial infarction. Those who 
fulfilled the three criteria for diagnosis of non-Q- 
wave myocardial infarction and from whom electro- 
cardiograms had been obtained within 12 hours of 
the onset of acute myocardial infarction were in- 
cluded in this study. The criteria for diagnosis were 
(a) chest pain compatible with acute myocardial in- 
farction, (b) peak serum creatine kinase activity 
which was at least twice the upper limit of normal, 
and (c) persistent ST segment changes, persistent T 
wave changes, and absence of new abnormal Q 
waves (that is Q waves lasting more than 0-04 sec- 
onds and with an amplitude which was more than 
25%, of the subsequent R waves). In addition to cri- 
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Fig. 1 Electrocardiogram їп a 71 year old man showing ST 
depression in leads П, III, aVF, and V3-V6. This patient 
was in Killip class I and peak serum creatine kinase activity 
was 1356 107/1. 


teria (a) and (b) the diagnosis of Q wave myocardial 
infarction required the development of abnormal Q 
waves. In the case of posterior infarction, the devel- 
opment of initial R waves in leads V1 and V2 of 0-04 
seconds’ duration with a R/S ratio greater than 1 is 
considered to be as important as the development of 
an abnormal Q wave. Ninety three patients with 
non-Q-wave myocardial infarction fulfilled all these 
criteria. 

Electrocardiogram and serum creatine kinase activ- 
ity were measured every three hours from the onset 
of infarction for 24 hours and every six hours from 
the onset of infarction for the next two days. There 
were three types of electrocardiographic findings as- 
sociated with non-Q-wave myocardial infarction: (a) 
onset with ST segment depression (Fig. 1); (6) onset 
with ST segment elevation (Fig. 2), and (c) onset 
with T wave changes and without important ST seg- 
ment changes (Fig. 3). We defined a finding of ST 
segment elevation in some leads and ST segment 
depression in other leads as ST elevation. 

Cardiac catheterisation—As a rule hospital sur- 
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vivors aged <65 years with non-Q-wave myocardial 
infarction had ccronary angiography about 4 weeks 
after the acute event. In some cases coronary angio- 
graphy was also performed at necropsy. Coronary 
stenosis was regarded as important when a reduction 
of more than 75°% of the luminal diameter was dem- 
onstrated in a major artery. 

Statistical analysis—The results were analysed by 
the x? test and Student's г test. 


Results 


Of the 93 patients with non-Q-wave myocardial in- 
farction in whom electrocardiographic recordings 
were obtained within 12 hours of onset, 49 had ST 
depression, 35 had ST elevation, and nine had T 
wave changes (Fig. 4a). 

'The average (SD) age of patients was similar in 
these three groups (ST depression 63-4 (10:2), ST 
elevation 58-9 (9-1), T wave changes 63-8 (9-1). Men 
comprised 76% of patients with ST depression, 
809; of those with ST elevation, and 78%, of those 
with T wave changes. 

The patients were classified by Killip grade.!? Of 
those with ST depression, 28 (5795) were in Killip 
class I, 11 in class II, four in class III, and six in 
class IV. Of those patients with ST elevation, 30 
(8695) were in class I, two in class II, two in class 
III, and one in class IV. All nine patients with T 
changes were in Killip class I. Thus, pump failure 
was significantly more common in patients with ST 
depression than those with the other two types of 
electrocardiographic change (p « 0-01) (Fig. 4b). 

Angiographic findings—Coronary angiography 
(including nine post mortem angiograms) was per- 
formed in 51 patients. The results were classified 
into four groups: patients without significant steno- 
sis (group A), single vessel disease (group B), double 
vessel disease (group C), and triple vessel disease 
(group D). (Left main coronary artery disease was 
defined as double vessel disease.) Of the patients 
with ST depression, one was in group A, one in 
group B, three in group C, and 20 in group D. In 
contrast, of the patients with ST elevation, one was 
in group A, six in group B, eight in group C, and 
seven in group D. In those with T changes, two were 
in group В and two in group C. Thus, multivessel 
(double or triple vessel) disease was significantly 
more common in patients with ST depression than 
in those with ST elevation or T wave changes (92% 
vs 68% and 509; respectively, р « 0-05). There was 
triple vessel disease in 80°, of the patients with ST 
depression (Fig. 4c). 

Peak serum creatine kinase activity was measured 
in 81 patients. Forty patients had ST depression, 33 
patients bad ST elevation, and eight patients had T 
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Fig.2 Electrocardiogram in a man of 47 showing ST elevation in leads 11, ПІ, and aVF 5 hours after 
the onset of infarction. ST elevation resolved 7-5 hours after the onset of myocardial infarction. This 
patient was in Killip class I and had peak serum creatine kinase activity of 740 IUJI. 
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Fig.3 Electrocardiogram їп a man of 61 showing T wave changes in lead ПІ 2:5 hours after the onset 
of myocardial infarction. A negative T wave later appeared in leads I1, III, and aVF. This patient was 
in Killip class I and had peak serum creatine kinase activity of 500 IUÍI. 
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Fig. 4 Classification of non-Q-wave myocardial infarction by (a) electrocardiographnc changes at onset, (b) Killip 
classification, and (c) number of significantly stenosed vessels (275% stenosis) in patients with the three types of 
electrocardiographic abnormality found т non-Q-wave myocardial infarction. 


wave changes. Mean (SD) peak creatine kinase ac- 
tivity was 1420 (1197) IUJ! in patients with ST de- 
pression, 1317 (1134) ТОЛ in those with ST 
elevation, and 777 (265) IU/I in those with Т wave 
changes. None of these differences was statistically 
significant (Table). f 

Death—Thirteen patients died of non-Q-wave 
myocardial infarction in hospital. The cause of death 
was left ventricular failure in 12 patients and ar- 
rhythmia in one. Twelve patients had ST depression 
and one had ST elevation. No patient with T wave 


changes died. Thus, death while in hospital was - 


significantly more common in patients with ST de- 
pression than in patients with ST elevation or T 
wave changes (24% vs 3% and 0% respectively, 
p<0-01) (Table). Furthermore nine of the 12 pa- 
tients with ST depression who died had pronounced 
and extensive ST segment depression at the onset of 
non-Q-wave myocardial ınfarction (that is ST seg- 
ment depression >0-2 mV in at least one lead and 
definite ST segment depression in more than five of 


the standard 12 leads). Necropsy in six of these nine 
patients showed that five of them had large sub- 
endocardial infarctions which were: circumferential 
or nearly circumferential in extent. Angiography 
was performed post mortem on four of these five 
cases, and all four cases had triple vessel disease. 


Discussion 


The terms transmural myocardial infarction and 
non-transmural myocardial infarction have been 
used for many years in the electrocardiographic 
classification of acute myocardial infarction and they 
continue to be used despite evidence that the cor- 
relation with pathological findings is poor.?- Because 
acute myocardial infarction without abnormal О 
waves may or may not be seen in association with 
transmural infarction at necropsy, we prefer to use 
the terms “Q wave myocardial infarction" and 
“non-Q-wave myocardial infarction". 

The diagnosis of non-Q-wave myocardial in- 


Table Peak serum activities of creatine kinase (mean ( SD)) and deaths in three types of non-Q-wave myocardial infarction 
ee  —————— A 





ST depression ST elevation T wave change Significance 
Cases 49 35 9 
Peak creatine kinase (ТОЛ) 1420 M] n0) 1317 (1134) (nz 33) 777 (265) (n= 8) NS 
Deaths 12 (24% 1099) 0 (095) р<0-01 





NS, not significant. 
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Classification of non-Q-wave myocardial snfarction according to electrocardwographic changes 


farction is generally based on a triad of features: 
chest pain compatible with acute myocardial in- 
farction, an abnormal increase in peak serum activity 
of cardiac enzymes, and an abnormal electro- 
cardiogram. We defined abnormal peak serum cre- 
atine kinase at being at least twice the upper limit of 
normal activity. Almost all our patients had in- 
creases in creatine kinase MB, aspartate amino- 
transferase, and lactate dehydrogenase activity. The 
diagnosis of Q wave myocardial infarction depends 
not only on the presence of the first two criteria but 
also on the development of abnormal Q waves.!! ^ !? 
Many believe that acute myocardial infarction with- 
out abnormal Q waves can be distinguished clin- 
ically from infarction in which Q waves are 
normal.?~* 

The frequency of left ventricular failure in non- 
Q-wave myocardial infarction is generally believed 
to be less than that in Q wave myocardial in- 
farction.*!?!* This тау be partly due to the size as 
well as the location of the infarction, since levels of 
serum enzyme activity are generally higher in pa- 
tients with Q wave infarction than in those with non- 
Q-wave infarction.! *!5 In some patients, however, 
non-Q-wave myocardial infarction is complicated 
by severe left ventricular failure or cardiogenic 
вћоск.! 2° There may be clinical subtypes of non-Q- 
wave myocardial infarction, but there have been few 
reports identifying such subtypes.) We classified 
patients with non-Q-wave myocardial infarction 
into three groups according to the electro- 
cardiographic changes seen at the onset of in- 
farction. Left ventricular failure (43%) and 
multivessel (double or triple vessel) disease (92%), 
and hospital mortality (24%) were more frequent in 
those with ST depression than in those with ST 
elevation or T wave changes. Twelve of 13 patients 
who died had ST depression. Peak creatine kinase 
activity in the serum, which is said to be associated 
with infarct size,!?!Ó was not significantly different 
in the three electrocardiographic groups. This was 
thought to be because the ST depression groups in- 
cluded non-Q-wave myocardial mfarctions of vari- 
ous sizes. We examined in more detail the 
electrocardiographic changes of patients who died. 
Nine of the 12 patients with ST depression who died 
had severe and extensive ST segment depression at 
the onset of non-Q-wave myocardial infarction— 
that is ST segment depression >0 2 mV in at least 
one lead and definite ST segment depression in 
more than 5 of the standard 12 leads. Necropsies 
done in six of these 9 patients showed that five of 
them had large subendocardial infarctions which 
were circumferential or nearly circumferential in ex- 


_ tent. 


It is difficult to explain the mechanism of ST seg- 


477 


ment elevation at the onset of non-Q-wave myo- 
cardial infarction. One cause of ST segment 
elevation is coronary artery spasm, which could have 
initiated acute myocardial infarction in these pa- 
tients,!? 1? T wave inversion often occurred when 
the ST depression or elevation of the acute phase 
had resolved. The shortest duration of ST elevation 
was 2 hours and that of ST depression was 4 hours. 

Our classification of non-Q-wave myocardial in- 
farction according to the electrocardiographic 
changes seen at the onset of infarction is a useful 
indicator of outcome in the acute phase. 


We thank Professor Hirofumi Yasue, Kumamoto 
University School of Medicine, and Professor David 
H Spodick, University of Massachusetts Medical 
School, for their helpful criticisms of this paper. 
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Reciprocal ST depression in acute myocardial 
infarction 


OLUSOLA ODEMUYIWA, IAN PEART, CATHERINE ALBERS, ROGER HALL 
From the Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY ST segment depression in leads remote from those showing ST elevation during acute 
myocardial infarction has been attributed to benign electrical phenomena, distant myocardial 
ischaemia, or extensive myocardial damage. Eighty four consecutive survivors under 55 years of 
age with a first transmural myocardial infarction were studied. All patients had exercise tests six 
weeks after infarction and coronary angiography a mean of three months after infarction. Thirty 
eight (75%) of the 51 inferior and 19 (58%) of the 33 anterior infarcts showed reciprocal ST 
depression of > 1 mm during the acute phase. Ten (26%) of the 38 patients with inferior infarcts 
and reciprocal depression had S'T depression in the same leads on exercise. There was concomi- 
tant disease of the left anterior descending artery in four (40%) of these 10 patients and in five 
(18%) of the 28 with inferior infarcts with reciprocal depression but without ST depression in the 
same leads on exercise. Five (26%) of the 19 patients with anterior infarcts with associated 
reciprocal depression and four of the 14 without reciprocal depression had important right coro- 
nary artery disease. In patients with inferior infarction important disease of the left anterior 
descending artery could not be predicted by ST depression in particular lead groups. Therefore 
reciprocal ST depression during acute myocardial infarction does not predict concomitant disease 


in the coronary artery supplying the reciprocal territory. 


ST segment depression in leads remote from those 
showing S'T segment elevation has been attributed 
to a wide variety of mechanisms. Some workers have 
suggested that this represents a benign electrical 
phenomenon.! ? Others have suggested that it is 
due to ischaemia in another region distant from the 
іпѓагсг 6 or that it is simply a manifestation of a 
large infarct.” 8 

Jennings et al and Salcedo et al showed a cor- 
relation between anterior ST depression during 
acute inferior myocardial infarction and disease of 
the left anterior descending агтегу.5° Jennings et al 
also found ST depression in the same leads on exer- 
cise testing early after infarction, and this was inter- 
preted as implying reversible ischaemia in the 
non-infarcted area. These studies, however, were of 
patients selected for angiography because of persis- 
tent symptoms or complications and they were 
probably biased towards the inclusion of patients 
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with extensive coronary artery disease. We have at- 
tempted to determine the relation, if any, between 
reciprocal ST segment depression in acute myo- 
cardial infarction and disease in the coronary artery 
supplying the reciprocal territory. 


Patients and methods 


This was a prospective study of 96 consecutive pa- 
tients aged <55 years admitted to the coronary care 
unit of this hospital with a first transmural in- 
farction. Six patients died in hospital and six more 
were excluded because of heart failure (two), unwill- 


.ingness to participate (two), or additional severe 


non-cardiac disease (two). The remaining 84 pa- 
tients (74 males, 10 females; mean age 46:5 years) 
had exercise tests six weeks after infarction, and co- 
ronary angiography a mean of three months after 
infarction (range 1-6 months). The diagnosis of 
acute myocardial infarction was based on a history of 
prolonged chest pain, development of Q waves, and 
a rise in the concentration of serum creatine kinase 
to at least twice that at baseline. Three 12 lead elec- 
trocardiograms (on admission and 24 hours and 48 
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Table 1 Modified Bruce protocol used in study 
Stage Duration Speed Incline 
(mun) {mles per hour) (degrees) 
0 3 12 0 
12 3 17 5 
1 3 17 10 
2 3 25 12 
3 3 34 14 
4 3 42 16 
5 3 50 18 





1 mile per hour = 1:6 km per hour. 


hours after the onset of the acute event) were 
recorded to identify reciprocal changes. 


ELECTROCARDIOGRAMS 

In inferior infarction ST depression in leads V1-V4, 
I, and aVL was regarded as reciprocal. Reciprocal 
depression in these leads was further classified as ST 
depression in (a) V1-V4 alone; (b) I or aVL alone; or 
(c) those who had reciprocal depression in a combi- 
nation of leads I, aVL, and V1-V4. In anterior in- 
farction ST depression in any of leads II, III, or 
aVF was considered to be reciprocal. Reciprocal de- 
pression was defined as ST depression of 21 mm 
measured at least 0-08 s after the J point of the QRS 
complex in leads remote from the infarction site. 


EXERCISE TESTING 

Six weeks after infarction all 84 patients had exercise 
tests that followed a modified Bruce protocol (Table 
1). Exercise started at Bruce level 0 and was stopped 
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if the patient had severe symptoms, a drop in blood 
pressure of greater than 20 mm Hg, a run of three 
consecutive ventricular extrasystoles, or ST depres- 
sion of 23 mm. 


CORONARY ANGIOGRAPHY 

All patients had coronary angiography a mean of 
three months (range 1-6 months) after the acute in- 
farction. All angiograms were reviewed by RH and 
IP and important stenosis was defined as 270% re- 
duction in intraluminal diameter compared with the 
immediate proximal segment of normal coronary ar- 
tery as measured in any cine projection. At least two 
orthogonal views of each coronary vessel were ob- 
tained. In anterior infarction the coronary artery 
supplying the reciprocal territory was the right coro- 
nary artery or a dominant circumflex artery and in 
inferior infarction the left anterior descending artery 
was regarded as supplying the reciprocal territory. 


STATISTICS 
The y? test and Student's unpaired г test were used 
for statistical analysis. 


Results 


The site of infarction was inferior in 51 (61%) and 
anterior in 33 (39%) of patients. 


INFERIOR INFARCTION 
Reciprocal changes were seen on electrocardiograms 
from 38 (75%) of the 51 patients with inferior myo- 


Inferior site 51 patients 
Reciprocal depression (75%) 38 13 (25%) No reciprocal depression 
Left anterior descending — (24*4) 9 3 (23%) Left anterior descending 
artery disease NS artery disease 
Anterior site 33patients 
Reciprocal depression (58%) 19 14 (42У) No reciprocal depression 
Right coronary (26%) 5 4 (29%) Right coronary 
artery disease NS artery disease 


Fig. 1 Relation between reciprocal ST depression and tmportant disease m artery supplying reciprocal territory. 
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Table2 Relation between ST depression in different lead groups and disease tn left anterior descending artery (LAD) 





Lead Patients LAD disease 
V1-V4 4 0 
LaVL 12 2 
I, aVL, and V1-V4 22 7 


cardial infarction (Fig. 1). Nine (24%) of the 38 pa- 
tients showing reciprocal ST depression and three 
(23%) of the 13 patients without reciprocal depres- 
sion had important disease of the left anterior de- 
scending artery. Therefore the presence of left 
anterior descending artery disease was not predicted 
by reciprocal ST changes. Ten (26%) of the 38 infe- 
rior infarct patients with reciprocal depression de- 
veloped ST depression in the same leads on exercise 
(Fig. 2). Four (4095) of these patients had important 
disease of the left anterior descending artery. Thus 
28 patients showing reciprocal depression did not 
have S'T depression in the same leads on exercise. 
There was important disease of the left anterior de- 
scending artery in five (18%) of these 28 patients 
and four (4095) of the 10 patients who had ST de- 
pression in the same leads on exercise. This 
difference was not statistically significant. 

Table 2 shows the relation between ST segment 
depression in different lead groups and disease of the 


Predictive Sensitrvity Specificity 
0 0 88%, 

17% 22% 74% 

32% 78% 66% 


left anterior descending artery. Only seven (27%) of 
26 patients who showed ST depression in leads 
V1-V4 and nine (26%) out of 34 patients with ST 
depression in leads I and aVL, had important dis- 
ease of the left anterior descending artery. Therefore 
important disease of the left anterior descending ar- 
tery could not be predicted by ST depression in any 
particular grouping of leads. 


ANTERIOR INFARCTION 

Nineteen (58%) of the 33 patients with an anterior 
infarct showed reciprocal ST segment depression 
(Fig. 1). Five (26%) of these 19 and four (29%) of 
the 14 withour reciprocal depression had severe 
right coronary artery disease. This difference was 
not statistically significant. Only one patient had ST 
depression in the same leads on exercise and this 
patient did not have severe right coronary artery dis- 
ease (Fig. 2). 


Inferior site Reciprocal depression 
38 patients 
STdepression in same (26%) 10 28 (74%) No ST depression in same 
leads on exercise leads on exercise 
Left anterior descending (40%) 4 5 (18%) Left anterior descending 
artery disease NS artery disease 


Anterior site 


Reciprocal depression 


19 patients 


ST depression in same 
leads on exercise 


(5%) 1 


Qe 


Right coronary 
artery disease 


8 (95%) No ST depression in same 
leads on exercise 
7 (39%) Right coronary 


artery disease 


Fig.2 Relation between acute reciprocal depression, ST depression in same leads on exercise, and coronary artery disease in 


reciprocal territory. 
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Table 3 Mayor complications occurring in hospital 
(complete atrioventricular block, left ventricular failure, 
supraventricular tachycardia, ventricular tachycardia) 





Patients Complications 
Reciprocal depression 57 13 
No reciprocal depression 27 1 
Total 84 14 





COMPLICATIONS 
Three of the six patients who died in hospital had 
reciprocal depression and five of the six patients 
with inferior infarction who developed severe com- 
plications in hospital had reciprocal depression 
(Table 3). These included complete atrioventricular 
_block, persistent angina, and ventricular and supra- 
ventricular tachycardia. All eight patients with ante- 
rior infarction who went on to develop severe 
complications in hospital had reciprocal S'T depres- 
sion. Therefore 13 out of 14 patients who developed 
severe complications during admission had recip- 
rocal ST depression compared with 44 out of 70 
patients who did not 
Mean (SD) peak serum creatine kinase activity 
was 1900 (1350) units/l in patients with reciprocal 
depression and 1500 (1265) units/l in those without. 
This difference was not statistically significant. 


SYMPTOMS 

There was no significant difference between patients 
with and patients without reciprocal depression in 
the proportions who had angina at the time of coro- 
nary angiography. 


Discussion 


Reciprocal depression during acute myocardial in- 
farction will have implications for management if 
patients with this feature constitute a high risk 
group in whom intervention to limit infarct size or 
alleviate distant ischaemia may favourably alter out- 
come. Wasserman et al found a correlation between 
the magnitude of inferior ST segment elevation and 
anterior ST segment depression in patients with in- 
ferior infarction.’ In a follow up for an average of 
more than three years they did not find any 
difference in mortality between those with and those 
without reciprocal precordial ST segment depres- 
sion. They concluded that reciprocal ST segment 
depression during the early phases of inferior in- 
farction was an electrical reflection of primary ST 
segment elevation in the area of infarction. Billadello 
et al used positron tomography to show that 67% of 
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patients with reciprocal ST depression did not have 
anterior wall metabolic abnormalities during acute 
inferior infarction and they too concluded that re- 
ciprocal ST changes were electrical phenomena.!? 
They drew attention, however, to the finding that 
33% of their patients had anterior wall metabolic 
abnormalities characteristic of ischaemia and sug- 
gested that in some cases reciprocal depression may 
represent distant ischaemia. Further support for this 
view came from Schuster and Bulkley in their re- 
view of 128 consecutive necropsies.* They postu- 
lated that occlusion of one major coronary artery 
could interrupt collateral circulation. and hence 
cause ischaemia in the distribution area of a second 
narrowed artery. Eight of their patients had angina 
after infarction and transient ST-T wave changes in 
the area supplied by a patent but critically narrowed 
vessel and they suggested that such patients may 
benefit from early aggressive intervention. Jennings 
et al and Salcedo et al lent further credence to this 
argument by showing a correlation between anterior 
segment ST depression during acute inferior myo- 
cardial infarction and disease of the left anterior de- 
scending artery? According to Salcedo ег al 
reciprocal depression in leads V1-V4 was 95%, pre- 
dictive for disease in the left anterior descending ar- 
tery.? Jennings et al demonstrated ST depression in 
the reciprocal lead on exercise early after infarction 
in 63% of patients. They thought that this sug- 
gested important disease in the artery supplying this 
territory. Ín contrast in a large and detailed study 
Gibson et al showed that there was no significant 
difference either in the extent of underlying coro- 
nary artery disease or the frequency of left anterior 
descending artery disease between those with and 
those without reciprocal depression." Ferguson et al 
assessed angiographic results obtained during the 
acute phase of inferior infarction ın six patients and 
also found that reciprocal depression did not predict 
the extent of coronary artery disease in the arteries 
supplying the remote wall.? 

Only 10 out of 35 patients in the study of Jennings 
et al had coronary angiography. These 10 patients 
were catheterised because they had severe symptoms 
or complications. This could have biased the study 
towards patients with more extensive coronary ar- 
tery disease. Our study consists of consecutive pa- 
tients with acute anterior and inferior myocardial 
infarction who have had early routine postinfarction 
exercise tests and coronary angiograms without se- 
lection on the basis of symptoms. Our results accord 
with those of Gibson et al’ and Ferguson et al? but 
not with those of Jennings et alf and Salcedo et а1.? 
We found that neither reciprocal depression nor ex- 
ercise induced ST segment depression in the same 
leads earlv after infarction predicted concomitant 
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disease in the coronary artery supplying the re- 
ciprocal territory. Unlike Salcedo et al we found that 
in acute inferior infarction reciprocal depression in 
specific lead groups V1-V4, I, and aVL does not 
predict concomitant disease in the left anterior 
descending artery. 

Although several groups of workers,? è agree that 
reciprocal depression reflects more severe left ven- 
tricular damage, there are differences of opinions on 
what contribution remote wall damage makes to left 
ventricular dysfunction. Billadello et al found 
greater primary zone necrosis in those patients with 
reciprocal depression in acute inferior infarction 
than in those without reciprocal depression.!? Shah 
et al? and Gibson et al’ used non-invasive tests to 
show that reciprocal ST depression 1n acute inferior 
infarction was associated with greater global and re- 
gional left ventricular dysfunction. Goldberg et al 
obtained similar results.? Shah et al suggested that 
these findings may be a reflection of non-transmural 
infarction of the remote anteroseptal wall,? but Gib- 
son et al believe that greater left ventricular dys- 
function is simply a result of more extensive inferior 
or inferoposterior wall infarction and that ante- 
roseptal wall ischaemia need not be invoked.’ Gold- 
berg et al showed a correlation between reciprocal 
ST segment depression in acute inferior infarction 
and the extent of posterolateral wall damage, but 
they did not rule out anterior wall ischaemia as an 
additional factor that may contribute to left ventric- 
ular dysfunction. 

Our study was not specifically designed to study 
the relation between reciprocal depression and in- 
farct size but the higher frequency of complications 
in our patients showing reciprocal depression ac- 
cords with the results of Gelman and Saltups.!! 
These findings suggest that patients with reciprocal 
depression have probably sustained larger infarcts. 


Тап Peart was supported by the National Heart 
Research Fund and Catherine Albers by Bayer 
Pharmaceuticals. 
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Characteristics of episodes of ST elevation or ST 
depression during ambulatory monitoring in patients 
subsequently undergoing coronary angiography 
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Klinikum Grosshadern, Munich, FRG 


SUMMARY ‘Transient ischaemic ST segment changes were studied in 296 consecutive patients 
with coronary heart disease attending hospital for coronary arteriography. They underwent two 
channel, frequency modulated ambulatory monitoring for 24 hours. During this time 221 epi- 
sodes of transient ST elevation (n —56) or ST depression (п = 165) with a horizontal deviation of 
at least 1 mm lasting at least 1 min were found in 70 patients (23-694). Only 34% of episodes were 
associated with pain. The duration of the episode, the heart rate at the beginning of the episode, 
or the extent of ST deviation were not related to the occurrence of pain. Episodes of ST elevation 
were of significantly shorter duration, occurred significantly more often during the early morn- 
ing, and at significantly lower heart rates than episodes of ST depression. 

The considerable overlap between the characteristics of episodes of ST elevation and ST 
depression suggests that in many instances a combination of factors is responsible for transient 


ischaemic ST segment changes. 


The objective assessment of angina pectoris during 
daily life is based on the detection of ischaemic ST 
segment changes during continuous ambulatory 
electrocardiographic monitoring. The frequency of 
spontaneous ischaemic episodes has been in- 
vestigated only in highly selected subgroups of 
patients! by means of amplitude modulated 
recording which is not reliable in the low frequency 
range.'* Frequency modulation overcomes these 
recording errors and fulfils the American Heart As- 
sociation criteria for electrocardiographic record- 
ing.? We used frequency modulated recording of ST 
segments to determine the frequency of symptom- 
atic and asymptomatic ischaemic episodes, and 
differences in time course, heart rates, and time of 
appearance of different types of ischaemic episode in 
patients with confirmed or suspected coronary heart 
disease. 
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Patients and methods 


We studied 296 consecutive patients who underwent 
cardiac catheterisation and coronary angiography at 
this hospital between January and July 1982. Pa- 
tients with atrial fibrillation, left or right bundle 
branch block (which interfere with Holter analysis 
of ST segments), valvar heart disease, and cardio- 
myopathy were excluded. There were 241 male pa- 
tients (81%, mean age 52-9 years, range 21—73) and 
55 female patients (19%, mean age 54-0 years, range 
33-69). 

Of the 296 patients, 67 (22-695) had no major co- 
ronary artery stenosed by more than 50%, 55 
(18-695) had single vessel disease, 61 (20:695) had 
double vessel disease, and 113 (38-295) had triple 
vessel disease. Hypokinesia or akinesia was shown in 
the left ventriculogram in 132 patients (446%). 


STSEGMENT MONITORING 


- Electrocardiographic monitoring was carried out for 


24 hours on the day before coronary angiography 
when patients were in hospital and walking about. 
Calcium channel blockers and long acting nitrate 
medications were stopped the day before the record- 


484 


Characteristics of episodes of ST elevation or ST depression during ambulatory monitoring 
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Fig.1 Number of episodes of ST depression and extent of 
ST depression. The proportion of painful episodes is not 
significantly greater with deeper ST depression ( 20 2mV). 


ing. Short acting nitrates were used to alleviate an- 
gina, and beta blockers were continued at the 
patient's usual dose. 

The frequency modulated, calibrated recording 
system Medilog II (Oxford Electronics) was used 
with CC5 and CM5 leads as described by Bala- 
subramanian et al. With the Oxford Medilog analy- 
sis system in the Holter mode we identified episodes 
of ST segment deviation visually and obtained ana- 
logue recordings at 25 mm/s. Recordings were taken 
of the beginning of an episode, 1 minute before the 
episode, when ST segment deviation was at a max- 
imum, and at the end of the episode. Episodes were 
counted if there was ST segment deviation of at least 
1 mm (0:1 mV) for at least one minute. An increase 
in heart rate preceding the episode was defined as an 
increase of 10% or more from one minute before to 
the start of the episode. Patients were asked to regis- 
ter painful events either by pressing the event button 
of the electrocardiographic recorder or by writing a 
note in a purpose made diary. All data from the elec- 
trocardiographic analysis were collected on a special 
sheet for further evaluation by computer. We noted 
the time lost from a full 24 hour recording because of 
artefacts, loose electrodes, or early removal of elec- 
trodes. No time was lost in recordings from 49% of 
the patients, and in recordings from another 24% 
there were losses of less than two hours. Losses of 
more than six hours led to exclusion, and a repeat 
recording was made where possible. The mean 
recording period for all patients was 22-6 hours. 


DATA AND STATISTICAL ANALYSIS 

All results were analysed by computer, by means of 

a data bank system developed at the Institut fur In- 
.— formationsverarbeitung, Statistik und Biomathe- 
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matik in our institution.!? We used the y? test to 
evaluate differences between groups. 


Results 


FREQUENCY OF DIFFERENT EPISODES AND PAIN 
AND DEGREE QF ST DEPRESSION 

Seventy of the 296 patients studied had episodes of 
transient ST segment changes. We recorded 221 
episodes in 50 (71-495) male and 20 (28-697) female 
patients. One hundred and sixty five (747%) epi- 
sodes were ST depression and 56 (25-395) were ST 
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Fig.2 Number of episodes of ST elevation (a) and ST 
depression (b) by duration of the episode ( < 10 minutes or 

> 10 minutes). There were more short episodes with ST 
elevation (p « 0 001). The proportion of painful episodes is 
not significantly greater with longer episodes (> 10 minutes). 
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Fig.3 The time of day at which episodes of ST elevation 
(a) and ST depression (b) occurred. ST elevation was most 
common during the early morning and there was a broad 
daytime peak for ST depression. The occurrence of patn was 
not related to the time of day. 


elevation. Pain was reported during 77 (34-895) epi- 
sodes. Similar percentages of painful episodes oc- 
curred during ST elevation (n — 19, 33-995) and ST 
depression (n —58, 35-294). 

The degree of ST depression did not correlate 
with the occurrence of pain (Fig. 1). Of 118 episodes 
of 0-1 or 0-15 mV ST depression, 39 (33-195) were 
painful and (19 (40-49%) of 47 episodes with ST de- 
pression of 20-2 mV were painful (z?, NS). 


DURATION AND TIME OF APPEARANCE 

There were significantly more episodes of ST el- 
evation of short duration («10 minutes) and 
significantly more episodes of ST depression of long 
duration (> 10 minutes) (x?, p « 0-001). The occur- 
rence of pain during an episode did not correlate 
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with the duration of the episode. Many short epi- 
sodes were associated with pain and many long epi- 
sodes were not associated with pain (77, NS). The 
depth of S'T depression was not correlated to the 
duration of an episode. Ап increase in heart rate was 
significantly more common when episodes lasted 
more than 10 minutes (p « 0:05). 

We also compared the duration of anginal attacks 
as perceived by the patients with the duration of 
their transient ischaemic episodes. Of the patients, 
71-6% reported that angina lasted from one to five 
minutes, yet most ischaemic episodes lasted for 
seven minutes or longer (92 of 140 episodes, 65-794). 
'Thus not only do many transient ST changes pass 
unnoticed by the patient, but also the duration of the 
ischaemic episode is usually symptomatically under- 
estimated. 

ST elevation was most frequent late at night and 
early in the morning (Fig. 3) This diurnal difference 
was significant when frequencies from 8 am to 8 pm 
and from 8 pm to 8 am were compared (p « 0-001). 
Also there were significantly more short episodes 
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Fig.4 Number of episodes of ST elevation (a) and ST 
depression (b) by heart rate at which исћаета became 
apparent. Most episodes with ST elevation occurred at heart 
rates below 90 beats/min. 
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(p<0 05) and episodes without tachycardia 
(p<0-025) during the night. The time of day did not 
correlate with the occurrence of pain. The diurnal 
distribution of ST depression without increased 
heart rate resembled the distribution of ST 
elevation. 


ST ELEVATION OR ST DEPRESSION AND HEART 
RATE CHANGES 

ST elevation started at significantly lower heart rates 
(90 beats/minute or less) than did ST depression 
(p<0-001) (Fig. 4). Pain during episodes of ST ele- 
vation and ST depression did not correlate with 
heart rate. Heart rate increased by 10 beats or more 
one minute before the start of ST changes in 110 of 
165 episodes with ST depression (66795) and їп 
only six of 56 episodes with ST elevation (10-795, 
p«0-001). 


Discussion 


TRANSIENT ST CHANGES, ANGINAL PAIN, AND 
MYOCARDIAL ISCHAEMIA 

We studied patients who are typical of those encoun- 
tered in clinical practice. We consecutively in- 
vestigated all patients undergoing coronary 
arteriography in our institution. This approach 
differs from the more selective procedures of other 
studies? ^ 5 and provides information about the inci- 
dence of transient electrocardiographic changes in 
an “unselected” group of patients with confirmed or 
suspected coronary artery disease. Recordings were 
done while the patients were in hospital but able to 
walk about. The results may differ from those in pa- 
tients at home or work. Just under a quarter of our 
patients showed transient ST segment changes 
during one day of ambulatory recording. 

Anginal attacks accompanied by ST elevation are 
said to define Prinzmetal's variant angina.!! Yet in- 
vasive studies showing impaired coronary flow and 
ventricular function together with electro- 
cardiographic changes and pain have shown that 
pain is a late and sometimes insensitive indicator 
of ischaemia.1? Nor is pain a consistent finding 
during episodes of ST depression caused by 
ischaemia.*'3!* In patients with silent ischaemia 
there may be a disturbance of pain perception, !5!$ 
and painless myocardial infarctions are common and 
have а poor prognosis.'? The clinical importance of 
painless ST changes is controversial because such 
changes can occur in normal healthy volun- 
teers.19 7729 Until the cause of such ST changes in 
otherwise normal people is known, false positive re- 
sults will be found when normal populations are 
screened. These changes are rare, however, in the 


— age group in which most patients with coronary dis- 
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ease occur.?? Painful and painless episodes associ- 
ated with similar ST deviations occurred in the same 
individual. Thus the ST segment changes are un- 
likely to be artefacts or normal findings. 


DIFFERENCES BETWEEN  EPISODES OF ST 
ELEVATION AND ST DEPRESSION IN DURATION, 
DIURNAL DISTRIBUION, AND HEART RATES 

In our patients episodes of ST elevation were 
shorter than episodes of ST depression. This sug- 
gests that the pathophysiological mechanisms un- 
derlying ST elevation and ST depression follow 
different time courses. T'here were no differences in 
pain frequency with shorter or longer episodes and 
ST depression was not deeper with longer episodes. 
'The duration of an episode does not therefore seem 
to reflect severity of ischaemic changes. 

ST elevations were most frequent in the early 
morning. This finding has also been described by 
others?! ?? and may relate to the circadian variation 
of disease activity in variant angina.?? Parallels have 
been drawn with phases of rapid eye movement 
sleep in patients with variant angina? but the inter- 
relations of disease activity and circadian rhythm are 
still speculative and need further study. In patients 
with very severe fixed coronary disease, nocturnal 
ST depression may still be brought about by in- 
creased oxygen demand.?? The typical diurnal dis- 
tribution of episodes of ST elevation was found in 
our patients, although they had not given a clear cut 
history of such a pattern for their angina. 

ST elevation occurred at lower heart rates than 
ST depression. This accords with the suggested ex- 
planation of a reduction in myocardial blood supply 
for episodes of ST elevation, while in S'T depression 
with tachycardia increased oxygen demand is a more 
likely trigger. Continuous intra-arterial pressure 
monitoring in ambulatory patients?5?" showed that 
in spontaneous ischaemic episodes the rate-pressure 
product was consistently lower than in exercise 1п- 
duced ischaemia in the same patients. Therefore 
factors other than increased oxygen demand must be 
instrumental 1n precipitating ischaemic episodes. 

Inour study we found considerable overlap of du- 
ration, diurnal distribution, and heart rates in epi- 
sodes of ST elevation and ST depression. This 
makes a combination of factors the most likely ex- 
planation for the induction of transient 1schaemic 
S'T segment changes in many instances. 
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Relevant, accurate arrhythmia data 
within 5 minutes. 
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Bypass grafting to the right coronary artery with and 
without endarterectomy: patency at one year 


PH KAY, N BROOKS, P MAGEE, MF STURRIDGE, R K WALESBY, 
J EC WRIGHT 


From the London Chest Hospital, London 


SUMMARY Between January 1979 and December 1981, 142 patients undergoing surgery to the 
right coronary artery agreed to have repeat coronary arteriography one year later. Thirty patients 
underwent combined endarterectomy and bypass grafting to the right coronary artery. The pa- 
tency of these grafts was compared with that of grafts in 69 patients undergoing direct grafting to 
the right coronary artery and in 43 with grafting to the posterior descending coronary artery. 
There were two hospital deaths and one late death. No patients developed new inferior Q waves 
on the electrocardiogram. Repeat coronary arteriography at one year showed that 21 (72%) of the 
29 grafts were patent after combined endarterectomy and bypass grafting to the right coronary 
artery. Sixty three (94%) grafts to the right coronary artery and 40 (93%) grafts to the posterior 
descending coronary artery were patent at one year. Direct grafts to the right coronary artery or 
its posterior descending branch had a significantly higher patency rate at one year than grafts to 
the endarterectomised right coronary artery. 

Graft patency after the combined procedure correlated with the extent of atherosclerosis in the 
posterior descending coronary artery. It was not influenced by treatment with platelet antago- 
nists. Endarterectomy of the right coronary artery was most successful when it allowed a single 


graft to perfuse both the large posterior descending and left ventricular branches. 


Coronary artery bypass grafting is now the treat- 
ment of choice for symptomatic patients with severe 
left main stem disease.’ ? Patients with chronic sta- 
ble angina and minimal impairment of left ventricu- 
lar function with either triple vessel disease? * or 
double vessel disease involving the proximal third of 
the left anterior descending coronary artery* may 
also have an improved survival after coronary artery 
surgery. Morcover, coronary artery bypass grafting 
provides excellent pain relief for those patients with 
less widespread atheroma whose angina proves re- 
fractory to medical treatment.? 

Isolated coronary endarterectomy was first de- 
scribed in 1957.5 The later combination of en- 
darterectomy and coronary artery” bypass grafting 
has widened the scope of myocardial revasculari- 
sation in patients with diffuse coronary disease." !* 
This technique is suitable particularly for the right 


Requests for reprints to Mr P H Kay, FRCS, Brompton Hospital, 
Fulham Road, London SW3 6HP. 


Accepted for publication 9 July 1985 


coronary artery which is straighter than the left and 
surgically accessible to the level of its posterior de- 
scending branch. 

There have been several retrospective reports of 
graft patency after combined endarterectomy and 
coronary artery bypass grafting to the right coronary 
artery.! 7111314 We present a prospective study of 
30 patients undergoing combined endarterectomy 
and bypass grafting to the right coronary artery. The 
results are compared with those of similar groups of 
patients undergoing grafts to the right coronary 
artery or its posterior descending branch. 


Patients and methods 


From January 1979 to December 1981 approxi- 
mately 750 patients underwent isolated coronary ar- 
тегу surgery at the London Chest Hospital. АП 
patients aged less than 70 years and who were able to 
tolerate aspirin were approached and asked to take 
part in a prospective trial entailing elective repeat 
coronary arteriography at one year. We report the 
results in the 142 patients undergoing surgery to the 
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Table 1 Preoperative clinical characteristics 
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RCA-VG (п=69) 


PDA-VG (n=43) B-RCA-VG (п=30) 





Mean age 55 
Angina grade (mode) 3 
Smoker 38 (55%) 
Diabetes 4(6%) 
Hypertension 10(15%) 
Hyperlipidaemia* 2 (S20) 
Myocardial infarction 43 (62%) 


LV asynergy (angiography) 


52 55 
3 
25 (58% 14(47 
m) ү; 
$ed 20050 
27 (63%) 20 (67% 
31(72%) 22 (73%) 





LV, left ventricular; RCA-VG, night coronary artery vein graft; PDA-VG, posterior descending coronary artery vein graft, E-RCA-VG, 


endarterectomy and RCA-VG 


*E-RCA-VG us RCA-VG, p<0-05; E-RCA-VG v; PDA-VG, p «0 05 


right coronary artery who fulfilled these criteria. In 
all cases the right coronary artery was angio- 
graphically dominant and gave rise to the posterior 
descending artery. 

The mean age of the patients was 54 years (range 
28-68) and the male to female ratio was 8:1. АП pa- 
tients presented with angina (mode of grade III on 
the New York Heart Association Classification). 
Their preoperative clinical characteristics-are shown 
in Table 1. Only one clinical variable, the incidence 
of hyperlipidaemia, was significantly more common 
in the group of patients undergoing combined en- 
darterectomy and bypass grafting to the right coro- 
nary artery (p < 0-05). 


OPERATIVE DETAILS 

The operative technique was left to the discretion of 
the individual surgeon. Cardiopulmonary bypass 
was established between the right atrium and the 
ascending aorta. In 124 patients the distal anas- 
tomoses were constructed during short periods of 
elective ventricular fibrillation with the aorta cross 
clamped, the nasopharyngeal temperature having 
drifted to 32°C. In 18 patients the distal anastomoses 
were constructed during a single period of cold car- 
dioplegic arrest with the oesophageal temperature at 
28°C. The number of grafts of greatest frequency 
was three per patient (range 2-5). The choice of sur- 
gical procedure for grafting the right coronary artery 
was determined by its angiographic appearance. In 
all cases the anastomosis was constructed using a 
continuous suture of 6/0 Prolene. 

Coronary artery bypass graft to the right coronary 
artery (RCA-VG)—Sixty nine patients with prox- 
imal disease in the right coronary artery and a distal 
vessel of good angiographic appearance underwent 
direct saphenous vein grafting to the right coronary 
artery. 

Coronary artery bypass graft to the posterior de- 
scending coronary artery (PDA-VG)—Forty three 
patients with widespread atheroma of the main right 
coronary artery but a disease free posterior 


descending branch greater than 1 mm in diameter 
underwent direct grafting into the posterior 
descending artery. 

Combined endarterectomy and bypass graft to the 
right coronary artery (E-RCA-VG)—Thirty pa- 
tients underwent combined endarterectomy and by- 
pass grafting to the right coronary artery. This 
included nine patients with occlusive disease at the 
crux in whom a successful endarterectomy allowed a 
single graft to perfuse both posterior descending and 
left ventricular branches. In a further nine patients 
the decision to perform an endarterectomy was made 
after the right coronary artery had been opened. In 
twelve patients the posterior descending artery was 
too diffusely diseased to be grafted. 


TECHNIQUE OF ENDARTERECTOMY 

In every instance a mechanical endarterectomy was 
performed, though the technique varied with the in- 
dividual operator. The acute margin of the heart was 
retracted to expose the distal right coronary artery. 
А 1 cm incision was made 1 cm proximal to the ori- 
gin of the posterior descending branch and the cor- 
rect endarterectomy plane in the media was 
established. The atheromatous core was first mobi- 
lised proximally by means of a combination of me- 
chanical traction with De Bakey forceps and blunt 
dissection with a Watson-Cheyne dissector. Usually 
when 2 cm of the core had been mobilised prox- 
imally it was divided cleanly with scissors. A similar 
technique of traction with the forceps and dissection 
with the dissector was used to mobilise the core dis- 
tally and free the posterior descending and left ven- 
tricular branches. The core was then withdrawn by 
exerting traction on it with forceps and counter trac- 
tion on the epicardium with a second pair of forceps. 
The patency of the distal vessels was confirmed by 
the passage of a 1 mm probe. In one case the core 
broke and was retrieved by a second arteriotomy in 
the posterior descending artery. In this case the graft 
was anastomosed to the posterior descending artery 
and the right coronary artery was closed with a vein 
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Table 2 Hospital mortality and morbidity 
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RCA-VG PDA-VG E-RCA-VG Total 

(n=69) (n= 43) (n= 30) (m= 142) 
No of grafts per patrent (mode and range) 3 (2-5) 3(2-5) 3(2-4) 3(2- 
Mortality 1(1 4%) 0 18 34) - 2d Жу) 
New inferior О waves 0 0 2^ 0 


—————————————————————— 
RCA-VG, night coronary artery vein graft; PDA-VG, posterior descending artery vein graft; E-RCA-VG, endarterectomy and RCA-VG. 


patch. 

In addition the 142 patients received a total of 306 
grafts to the left coronary system. Endarterectomy 
was not performed on any branches of the left 
coronary artery. 

All patients were given warfarin anticoagulation 
for three months from the second postoperative day 
to maintain a prothrombin time of between 24 and 
30 seconds. In addition, the patients were random- 
< ised according to the double blind protocol of one of 
the authors (NB) to receive either aspirin 990 mg 
and dipyridamole 225 mg daily or placebo for twelve 
months from the first postoperative day. Thirty two 
(4895) patients received platelet antagonists after 
right coronary artery grafting, 23 (53%) after grafts 
to the posterior descending artery, and 16(53%) 
after combined endarterectomy and bypass grafting 
to the right coronary artery. 


FOLLOW UP 

АП surviving patients were admitted to the London 
Chest Hospital for elective recatheterisation a mean 
of 12 months (range 11-14) after the operation. 


STATISTICAL ANALYSIS 
Fisher's exact test was used for statistical analysis, 
.—. the level of significance being set at p « 0-05. 


Results 


HOSPITAL MORTALITY AND MORBIDITY 

Two patients died within 30 days of operation, one 
after a graft to the right coronary artery (mortality 
after RCA-VG 1-495) and the second after a com- 
bined endarterectomy and bypass grafting to the 
right coronary artery (mortality after E-RCA-VG 


'Table3 Results at one year 


3.395). Although seven (5%) of the 140 operative 
survivors developed new Q waves on the electro- 
cardiogram indicating perioperative myocardial in- 
farction, none of these was in the inferior position. 
The distribution of these events 1s summarised in 
Table 2. 


LATE RESULTS 

There was one late death from a myocardial in- 
farction six months after triple coronary artery by- 
pass grafting which included the right coronary 
artery. Thus, the one year survival of the total group 
of 142 patients was 98%. 

А second patient who had undergone right coro- 
nary artery grafting had a late anterior myocardial 
infarction associated with occlusion of the anterior 
descending graft. 

Fifteen (11%) patients complained of residual an- 
gina (nine grade I, four grade II, and two grade III, 
New York Heart Association classification). The 
two patients with more severe angina have under- 
gone repeat myocardial revascularisation. These late 
results are summarised in Table 3. 


GRAFT PATENCY 

Elective coronary arteriography was performed in 
the 139 surviving patients a mean of 12 months after 
operation. Sixty three (94%) of the 67 grafts to the 
right coronary artery and 40 (93%) of the 43 grafts 
to the posterior descending artery were patent, as 
were twenty one (72%) of the 29 grafts in patients 
who had undergone combined endarterectomy and 
bypass grafting to the right coronary artery (patency 
RCA-VG vs E-RCA-VG, p<0-01; patency PDA- 
VG vs E-RCA-VG, p «0-01). 





RCA-VG PDA-VG E-RCA-VG Total 

(n=68) (n=43) (n= 29) (ne 140) 
Late mortality 1(1 5%) Nil Nil 1(0 7%) 
Late myocardial infarction 2(29%) Nil Nil 2(1 4%) 
Recurrent angina 501%) 307%) 7(24%) 15(11%) 





~~ RCA-VG, nght coronary artery vem graft; PDA-VG, posterior descending artery vein graft; E-RCA-VG, endarterectomy and RCA-VG. 
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Table 4 Relation between graft occlusion and infarction or recurrent angina 





Graft Myocardial infarction 

Graft occlusion 

Right Left Right + left. 
RCA-VG* 0 4 0 
PDA-VG 0 2 0 
E-RCA-VG 0 2 0 


*Excludes one patient who died after a late myocardial infarction. 


Recurrent angma 
Graft occlusion|stenosis 
Right Left 


- № 
а на 


1 
0 
5 


RCA-VG, right coronary artery vein greft; PDA-VG, posterior descending artery vein graft; E-RCA-VG, endarterectomy and RCA-VG 


Thirty (94%) of grafts to the mght coronary artery 
in the thirty two patients taking aspirin and di- 
pyridamole were patent at one year, compared with 
33 (94%) in the 35 control patients. Grafts to the 
posterior descending artery were patent in 21 (91%) 
of the 23 patients on antiplatelet treatment and in 19 
(95%) of the 20 patients who were not on platelet 
antagonists. Twelve (7595) of the grafts to the en- 
darterectomised right coronary artery were patent in 
the 16 patients taking aspirin and dipyridamole, 
compared with nine (6995) in the 13 control pa- 
tients. 

Two hundred and sixty four (88%) of the 301 
grafts anastomosed to the left coronary circulation 
were patent at one year in surviving patients. The 
results were similar in each of the three groups. 
'There was no correlation between occlusion of grafts 
to the right coronary artery and those to the left co- 
ronary system. 

Forty one (29%) of the 139 surviving patients had 
one or more occluded grafts. They included the 
eight surviving patients who had perioperative or 
late myocardial infarctions and 13 of the 15 patients 
continuing to experience angina. The other two 
cases of late angina had evidence of graft stenosis at 
the coronary anastomosis. There were no other cases 
of graft stenosis at the coronary anastomosis. 

Fifteen patients had occluded grafts to the right 
coronary artery. In no case did this lead to the devel- 
opment of new inferior Q waves. All perioperative or 
late myocardial infarctions were associated with oc- 
clusion of a graft to the left coronary system. Nine 
(60%) of the 15 patients with occluded right coro- 


Table5 Results of endarterectomy and right coronary 
artery vein grafting 





Large (> 1 mm) PDA ungraftable 
PDA (n= 18) (n= 12) Е 
Hospital mortality 0 1(8%) 
Late mortality 0 0 
Late infarction 0 0 
Recurrent angina e (0945) 254) 
Graft patency 16(89% 5 (45% 





PDA, posterior descending artery. 


nary artery grafts continued to experience angina; 
these were predominantly in the group who had un- 
dergone endarterectomy. The relation between graft 
occlusion/stenosis and myocardial infarction and re- 
current angina is shown in Table 4. 


ANALYSIS OF ENDARTERECTOMY RESULTS 
Patients undergoing combined endarterectomy and 
bypass grafting to the right coronary artery were di- 
vided into two subgroups according to suitability of 
the posterior descending branch for grafting. The 
results for these two subgroups are outlined in Table 
5. Sixteen (89%) of the 18 patients with a large pos- 
terior descending artery had patent right coronary 
artery grafts after combined endarterectomy and by- 
pass grafting. This figure is not significantly 
different from the 93% patency rate in patients who 
had undergone direct grafting to the posterior de- 
scending artery. Conversely, in the subgroup of pa- 
tients in whom the posterior descending artery was 
unsuitable for grafting five (45%) grafts were patent 
and five (45%) of the 11 surviving patients con- 
tinued to experience low grade (New York Heart 
Association grade I or II) angina. 


Discussion 


In this prospective study we attempted to define the 
best surgical approach to the diseased right coronary 
artery as assessed by graft patency at one year. 
Though we studied a selected group of patients, se- 
lection was purely in terms of patient compliance 
rather than clinical variables. Indeed, the pre- 
operative clinical characteristics of our patients were 
similar to those in another series.!? 

The overall early results, with a 1:4% hospital 
mortality and a 5% incidence of perioperative myo- 
cardial infarction, are similar to those reported by 
other centres.!5^!? Three hundred and sixty seven 
(89%) of the 411 grafts performed without en- 
darterectomy were patent at a mean of 12 months 
after the operation. This level of graft patency is 
higher than that reported by other centres.!* ^?! 

Two patients had late myocardial infarctions, one 
of which was fatal, while 15 other patients experi- 
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enced residual angina. In each instance there was 
graft failure (occlusion in 14 cases and stenosis at the 
coronary anastomosis in two cases) rather than 
progression of distal disease in the native vessels. 
Thus, in the presence of complete myocardial re- 
vascularisation, recurrence of symptoms in the first 
year signified graft failure. The converse, however, 
did not necessarily apply since 20 (49%) patients 
with graft occlusion were symptom free and had no 
new ischaemic changes on the electrocardiogram. 

This paper confirms that endarterectomy of the 
right coronary artery can be performed safely with 
no significant increase in hospital mortality,” 191213 
and in this series there was no associated inferior 
myocardial infarction. The 6-7% incidence of peri- 
operative infarction was associated only with oc- 
clusions of left sided grafts. Thus, unlike Miller et 
al!? we did not demonstrate an increased incidence 
of myocardial damage after endarterectomy. The 
long term results, however, with seven (24%) of the 
29 surviving patients continuing to experience an- 
gina compared with five (7%) of the 68 patients who 
had undergone direct grafting to the right coronary 
artery (p <0 05) indicate that this technique may be 
less beneficial, This result accorded with a 
significant difference in the patency rate of the right 
coronary grafts in the group without endarterectomy 
(94%) and the group with endarterectomy (72%) 
(p<0-01). Thus, the overall results of combined en- 
darterectomy and bypass grafting to the right coro- 
nary artery appear at first sight to be inferior to those 
of direct grafting on to the right coronary artery it- 
self, 

Patients undergoing combined endarterectomy 
and bypass grafting to the right coronary artery were 
composed of two subgroups; those with a large 
(>1 mm) disease free posterior descending artery 
which was suitable for grafting and those in whom 
the posterior descending artery was unsuitable for 
grafting either because of its small size or because 
extensive disease was present. The results of com- 
bined endarterectomy and bypass grafting in pa- 
tients with a graftable posterior descending artery 
and direct grafting of the posterior descending ar- 
tery were not significantly different. The 89% pa- 
tency rate for the combined procedure in this 
subgroup compares favourably with that reported in 
other series.79~1!13'4 These good results are bal- 
anced by the poor results of endarterectomy in pa- 
tients with small (<1 mm) or heavily diseased 
posterior descending arteries in whom only 45% 
grafts were patent at one year (Table 5). Clearly, 
these subgroups represent extreme ends of a spec- 
trum of disease. Comparison of results from 
different centres will be greatly influenced by the 
distribution of these subgroups within a given 
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series. 

Information in previous reports of combined en- 
darterectomy and bypass grafting has always been 
gathered retrospectively.?^!*^ The aim of en- 
darterectomy has been loosely stated as being to in- 
crease the scope of myocardial revascularisation, 
though the size of the distal vessels has not been 
given. Both Miller ег al!? and Keon?? suggest that a 
direct graft to the distal vessel 1s preferable to en- 
darterectomy, though neither supports this with 
data on graft patency. Keon sets a lower limit of 1-5 
mm on the size of the posterior descending artery 
which is suitable for grafting.?? We believe that our 
data suggest that this figure can now be reduced to 
1-0 mm. 

Our results did not show a beneficial effect of 
platelet inhibiting drugs on graft patency in any of 
the three operative groups. This was particularly 
surprising in the endarterectomy group and was in 
direct contrast to Chesebro et al's conclusions.!? 
"There are several differences, however, between the 
two trials. In the American series dipyridamole ther- 
apy was started before operation and aspirin was ad- 
ded on the day of operation. In our series platelet 
inhibiting drugs were started after removal of the 
chest drains on the first postoperative day. This 
treatment was supplemented with warfarm anti- 
coagulation for three months. The patency of grafts 
to the non-endarterectomised right coronary artery 
or its posterior descending branch was 95% in our 
placebo group. This was similar to the 97%, patency 
in Chesebro's treated group and significantly higher 
than the 80%, patency of his control group. Thus, it 
is probable that the beneficial effects of aspirin and 
dipyridamole were masked by the three month pe- 
riod of anticoagulation. 

The dilemma of whether it is better to perform an 
endarterectomy on a large (2-4 mm) right coronary 
artery before saphenous vein grafting or to anas- 
tomose the graft directly to a posterior descending 
artery 1-0-1-5 mm in diameter remains unresolved. 
The position is further complicated when there are 
two large disconnected distal branches of the right 
coronary artery, as there were in eleven patients in 
the series. Nine patients were treated by combined 
endarterectomy and bypass grafting which allowed 
both branches to be perfused by a single graft. The 
other two patients were treated by individual grafts 
to the posterior descending artery and distal left 
ventricular branch. All these grafts were patent at 
re-examination. Thus, the tendency to perform 
combined endarterectomy and bypass grafting will 
remain idiosyncratic. 


Conclusions 
We have now adopted the following surgical ap- 
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proach on the basis of both preoperative assessment 
and direct inspection of the right coronary artery at 
operation: (a) Our first choice of procedure is a di- 
rect graft to the main coronary artery. (b) If the right 
coronary artery is unsuitable for grafting attention is 
turned to its posterior descending branch. A graft to 
this artery gives equally good results at one year. 
(c) Occlusive disease of the crux of the right coro- 
nary artery with a large posterior descending branch 
may be satisfactorily treated by combined en- 
darterectomy and bypass grafting. This approach 
results in a similar patency rate to that of direct 
grafts to the posterior descending artery and has the 
advantage that a single graft perfuses both posterior 
descending and left ventricular branches. If the pos- 
terior descending artery is unsuitable for grafting 
the results of combined endarterectomy and bypass 
grafting to the right coronary artery are poor with a 
low graft patency and a high frequency of recurrent 


angina. 
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Quantification of intracardiac ‘shunts by gold-195m, 
a new radionuclide with a short half life 
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SUMMARY Gold-195m, a radionuclide with a short half life (30-5s) was used to quantify left to 
right intracardiac shunts. The results of this method were compared with those obtained with 
technetium-99m, a method that was validated against oximetry. In five patients the pulmonary 
to systemic flow ratio (> 3:1) obtained by both radionuclides indicated that the level of shunting 
was too high to be measured accurately. In one patient fragmentation of the bolus meant that no 
satisfactory gamma fit could be obtained. In the remaining 16 patients there was no significant 
difference between two successive !??"Au studies. The agreement between 997"l'C results and 
195m Au results was excellent. Oxygen administration, straight leg raising exercise, and the use of 
oblique projections did not affect the values of the pulmonary to systemic flow ratio. The 
technique of quantification of intracardiac shunts by !?5"Au gives reproducible and accurate 


results and the low radiation dose means that it is suitable for use in children with suspected left 


to right shunts. 


In recent years the quantification of intracardiac left 
to right shunts by radionuclide techniques has been 
successfully applied to children and adults.!^Ó In 
this paper we compare the results obtained with 
gold-195m, a new radionuclide with a short half life 
(30:5 з) generated from mercury-195m,’ with those 
obtained with a technetium-99m sodium per- 
technetate technique which we have validated 
against oximetry. 

The low radiation dose of !?5*Au means that 
several studies may be performed in the same 
patient. We have determined the feasibility of using 

95" Au with a standard single crystal gamma camera 
and have assessed the effects of interventions on the 
results obtained. 


Patients and methods 


PATIENTS 

We studied 22 patients aged 6—63 years (mean 22-5) 
(Table 1). In ali left to right intracardiac shunts were 
suspected. Informed consent was obtained from 
every patient or their parents. 
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METHODS 
The patients were studied by means of a Technicare 
ON100 gamma camera. An intravenous cannula was 
inserted into the antecubital vein, preferably of the 
right arm. The detector head of the-camera was pos- 
itioned over the lung field. A bolus of radionuclide, 
volume < 1 ml, was injected, followed by a 10-20 ml 
saline flush. Immediately after injection we started 
data acquisition with a Nodecrest V77 computer. 
Seventy frames of 0-5s duration were collected for 
subsequent processing. The mercury-195m/gold- 
195m generator was positioned in a shielded corner 
of the gamma carnera room and injection therefore 
occurred almost immediately after elution of !?5*"Au, 
Breakthrough of !??"Hg was minimised by eluting 
the generator several times and discarding the elu- 
ates which contained higher quantities of 19°"Hg. 
This manoeuvre was also carried out if there was an 
interval of > 2 minutes between consecutive elut- 
ions. At the time of injection the activity of !?5"Au 
was approximately 550 MBq. ??""Tc was given on 
the basis of 5 MBq/kg body weight activity. 

The data collected were recalled from disc and 
played back in cine film form. The frames of the 
pulmonary phase were then identified as was the 
frame in which the superior vena cava and right 
ventricle were well delineated. Two regions of inter- 
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Table 1 Pulmonary to systemic flow ratios їп 22 patients with suspected left to right intracardiac shunts 








Panent Age Aul Au2 LAO Oxygen Exercise 99m Tc Diagnosis 
1 11 >3 >3 >3 — — >3 ASD 

2 20 >3 >3 >3 — — >3 ASD 

3 8 21 22 30 32 — 22 ASD 

4 7 16 16 16 — — 15 VSD 

5 7 11 11 11 — -— 10 ASD? 

6 15 12 12 12 11 12 12 VSD 

7 22 >3 >3 >3 — — 23 ASD 

8 il 16 16 13 17 — 20 VSD 

9 63 -3 >3 >3 — >3 VSD and ASD 
10 21 11 1 11 11 11 11 PS? ASD 
11 26 Fragmented bolus PDA? 

12 35 1-1 11 11 1-1 11 11 VSD? 

13 45 12 12 13 12 11 12 AV coronary 

fistula 

14 7 1-8 18 17 19 1-8 1-7 ASD 

15 35 12 12 12 11 11 14 VSD? 
16 6 11 12 1:3 — — 1:3 VSD 

17 7 -3 >3 >3 — — >3 VSD 

18 45 25 21 18 19 19 20 ASD 

19 11 14 13 15 — — 14 VSD 
20 13 13 13 13 1-3 13 13 VSD 
21 30 1-2 11 11 12 12 12 VSD 
22 50 11 10 — 11 12 11 VSD? 
Mean (SD) 14(04) 1 38 (0:36) 1:44 (0 4) 1-44 (0 62) 1:3 (03) 1 42 (036) 





Aul, first gold-195m study; Au2, second gold-195m study; LAO, left anterior oblique; ASD, atrial septal defect; VSD, ventricular 


septal defect; AV arteriovenous, PS, pulmonary stenosis. 


est were drawn: one over the superior vena cava 
avoiding the lung, and a second over the right lung 
avoiding the heart and superior vena cava. Activity- 
time curves were generated and the curve for the 
superior vena cava was examined to check the quality 
of the bolus. The lung curve was used to determine 
the pulmonary to systemic blood flow ratio (Qp:Qs) 
by means of a modification of the Maltz and Treves 
gamma variate fitting technique.? If the bolus was 
fragmented or if its administration was unduly pro- 
longed, and it was impossible to perform a satis- 
factory analysis, the study was rejected. 

The method is designed to define a primary peak, 





Time 
Fig. 1 Area under primary peak (A1) represents ininal 
passage of radionuclide activity through lungs and area 
under secondary peak ( 42) is attributable to premature 
recirculation caused by intracardiac shunting. 


area Al, arising from the initial passage of activity 
through the lungs (Fig. 1) and a secondary peak, area 
А2, attributable to premature recirculation caused 
by shunting, which is superimposed on the 
descending slope of the primary peak. Activity aris- 
ing from systemic recirculation appears towards the 
end of the curve. 

The fitted primary peak is subtracted from the 
total curve and the operator may also fit the systemic 
recirculation curve which can also be subtracted. In 
our studies we only applied the recirculation cor- 
rection if there was a clear recirculation peak. Finally 
A2 is obtained by fitting a curve to the shunt peak 
which has now been isolated. The ratio of pulmonary 
flow to systemic flow (Qp:Qs) is given by the for- 
mula: 

А, — (А, — А). 
Statistics 
АП the results are expressed as mean (SD). 
Significant differences were assessed by the paired 
Student's r test and the Wilcoxon signed rank 
matched pairs test. 


Vahdation 

То validate our technique 20 patients who had pre- 
viously undergone cardiac catheterisation were 
investigated by the ??""T'c technique. The interval 
between the catheter and radionuclide studies 
ranged from two weeks to four months (mean 6-1 
weeks). Ratio of pulmonary flow to systemic flow was 
calculated by oximetry (American Opical oximeter) 
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33M Te flow ratio 





1 2 3 
Oximetry flow ratio 
Fig. 2 Vahdation of flow ratios determined by ??" Tc and 
oximetry in 15 patients with ratios of pulmonary flow to 
systemic flow of < 3:1. 


during the catheter study. The saturation run in each 
case took less than 10 minutes. Mixed venous oxygen 
content in patients with atrial septal defects was 
derived from the superior (SVC) and inferior vena 
caval (IVC) oxygen contents by the formula®: 


(3 x SVC content + IVC content) ~ 4 


The agreement between ??"'Tc values and oximetry 
values was excellent (Fig. 2). In five patients the ratio 
of pulmonary flow to systemic flow was > 3:1 by 
both the ??"Tc technique and oximetry. These 
results are not included in any of the graphical com- 
parisons since quantification is inaccurate at this 
level of shunting. The mean deviation from the line 
of identity for the remaining 15 patients was 
—0-13 (0-22). 

In addition, "Тс studies were performed on a 
further 17 patients with clinically normal hearts who 
were receiving ??"T'c for bone scans. All ratios of 
pulmonary to systemic flow were in the range of 
1-0-1-2:1 (mean (SD) 1:09 (0-06)). 


Results 


In one patient a sausfactory gamma fit could not be 
obtained because of fragmentation of the bolus. In 
five of the patients the ratio of pulmonary flow to 
systemic flow was > 3:1 in both anterior and left 
anterior oblique °°™Tc studies. In the 16 remaining 
patients the results of two successive anterior view 
195" Au studies were compared (Fig. 3). Mean (SD) 
deviation from the line of identity was 0-03 (0-12). 
Fig. 4 compares the meari of results obtained from 


195mAu flow ratio (2) 





2 
195m. flow ratio (1) 


Fig. 3 Agreement between two sequential 195m Au studies 
toithout intervention. Aul , first 199" Au study; Au2, second 
155m Au study. Results from 16 patients with ratos of 
pulmonary flow to systemic flow of < 3:1 are shown. 


the two !9°™Au studies with the "Тс result. Mean 
deviation from the line of identity was —0-02 (0 15). 
The mean ratio of pulmonary flow to systemic flow 
derived from the two !?5"Au studies was 
1:40 (0-19):1. 

The mean ratio of pulmonary flow to systemic flow 
was 1:44 (0-49) in the 15 patients in whom the ratio 
was «3:1 from the left anterior oblique projection. 


195тА у flow ratio 





3 


2 
99те flow ratio 
Fig. 4 A comparison between ratios of pulmonary flow to 
systemic flow measured by °°" Au technique (mean of two 
studies) and ??" Tc techmque. Results from 16 patients with 
ratios of pulmonary flow to systemic flow of < 3:1 are 
s Ў 
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Table 2  Dosmetry of typical injection of radionuclide derived from data given т MIRD 81? and Ackers and de Yong" 


195m 4u (550 MBq) 


195m нр (120 kBq) 


99m Tc (370 MBq) 


aSo mrem но mrem n mrem 
eee 
Heart wall 117 117 — — — — 
Kidneys 24 24 402 402 ER — 
Lungs 84 84 26 26 — — 
Liver 18 18 36 36 — — 
Spleen 5 05 45 45 — — 

8 08 26 2-6 

Bladder wall — — — — 8500 8») 
Stomach — — — — 5100 510 
ULI — — — — 12000 1200 
LLI — — — — 11000 1100 
Red marrow — — — — 1700 170 
"Thyroid — — — — 13000 1300 
Toral body 6 0-6 19 19 1100 110 
Effective whole body 27 27 58 58 4120 412 


ULI, upper large mtestine; LLI, lower large intestine. 


This was not significantly different from the value 
found in the anterior projection. It was impossible to 
identify the site of shunting from the cine display. 
Twelve patients were studied after oxygen admin- 
istration and ten after exercise. The mean ratio of 
pulmonary flow to systemic flow was 1-49 (0-62) after 
oxygen and 1:3 (0:3) after exercise. These were not 
significantly different from the resting values. 


DOSIMETRY 

To assess the radiation risk arising from the use of 
1957 Au the effective whole body dose equivalent (the 
dose to the uniformly irradiated whole body that 
carries the same risk as the observed non-uniform 
dose) was calculated using the weighting factors rec- 
ommended by the International Commission on 
Radiological Protection.? In our generator system, 
which resembles that described by Elliott et al,” we 
measured a mean (SD) !??"Hg breakthrough of 
96(24) kBq !?5"Hg per injection (п = 6), with a 
maximum of 120 kBq. Data for the dosimetry of 
195mAu and !?5"Hg in animals have been pub- 
lighed.'°!! The data we used were taken from Ackers 
and de Jong.!! Table 2 compares the dose from a 


Table3 Whole body effective dose equivalents of 
radtonuchdes tn adults and children calculated with 
weighting factors from Adminstration of Radtoactive 
Substances Advisory Committee appendix IB? 





Age 195m gy 4 Impp, T 
(5 tmjections) (1 wyection) 
Sv mrem ПАУЛ mrem 
Adult 430 43 4120 412 
10 years 860 86 4120 -412 
5 years 1400 140 4120 412 
1 year 2580 258 4120 412 
Newborn 7230 723 4120 412 





single injection of '°5"Au with that from a typical 
injection of 9°"Tc labelled sodium pertechnetate.!? 
Table 3 compares the effective whole body dose 
equivalent from five injections of !??"Au with that 
from a single injection of 370 MBq ??"Tc in adults 
and children. As a worst case estimate we assume 
that the volume of the eluate from the !?5?"Au 
generator is not reduced for children, and that the 
maximum breakthrough dose of 120 КВа !?5"Hg is 
injected. The comparisons are made with ??"Tc 
activities reduced according to body weight. Body 
weight factors were taken from Administration of 
Radioactive Substances Advisory Committee guide- 
lines (appendix 1B).!? 


Discussion 


For some years, radionuclide angiographic tech- 
niques have proved useful in the assessment of 
patients with left to right intracardiac shunts.! 7? 
The technique has been validated against oximetry 
and has proved valuable in the investigation of con- 
genital heart disease in children.* 5 The radionuclide 
most widely used for shunt evaluation is "Тс, 
which has a relatively long half life of six hours. 
1952 Au. has a half life of 30-5 seconds and is available 
in generator systems’ from a !?5"Hg parent (half life 
41:6 hours). The physical characteristics of !?5nAu 
ensure that the patient is subjected to mini-mal radi- 
ation dose. With all mercury-195m/gold-195m gen- 
erators, however, the eluate is contaminated by 
195mEfg breakthrough. In our generator system the 
mean !?5"Hg breakthrough dose was 96 kBq per 
injection, with a maximum of 120 kBq. Mena et al, 
using a different type of generator, quote a figure of 
0-75 kBq !?**"Hg/1?57 Au.!^ implying a dose of 550 
kBq of !?5"Hg per injection of 740 MBq of !95™Au. 

Because mercury accumulates in the kidneys radi- 
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ation doses from the breakthrough of !?5"Hg are 
important. But even in the case of a 1 year old child, 
the effective whole body dose equivalent from five 
1959 Au studies is less than that from a single ??"Tc 
study (Table 3). The dose to the kidneys of a 1 year 
old child when !?*7Au is used would be 12 mSv 
(1200 mrem), which, although it is high, is the same 
as the dose to the upper large intestine when 370 
MBq ??"'Tc is given. In the newborn infant, kidney 
doses could be as high as 34 mSv (3400 mrem) if five 
studies are performed. In this study, however, mul- 
tiple injections were given only to older children and 
adults and no child under the age of 6 years was 
studied. In routine clinical practice it is unlikely that 


more than two studies would be performed, and this . 


would reduce the worse case estimates quoted here. 
We conclude that the radiation doses from eluates 
obtained from the type of !°*™Au generator used in 
this study are acceptable in all except the very young 
infant. Further, compared with existing techniques a 
significant reduction in radiation dose can be 
achieved in most patients, even when several !?5"Au 
studies are performed. 

The !?5" Au is eluted immediately before use and 
an eluate may be collected sufficiently rapidly for 
repeat studies to be performed after an interval as 
short as 2 minutes.!? 

We compared the results of the Аи studies 
with those obtained by а 9°™Tc technique that was 
validated against oximetry. We also assessed the 
effects of intervention on the results obtained. There 
was excellent agreement between the results 
obtained by the !??"Au and !9?5"Tc techniques 
(Fig. 4), and all five patients in whom the ratio 
(Qp:Qs) was calculated to be 73:1 with ???'T'c had 
similar flow ratios calculated with !?5"Au. The two 
successive !?*"Au studies without intervention also 
accorded well, demonstrating the reproducibility of 
the technique. These results confirm those of Treves 
et al who were able to quantify shunts with iridium- 
191m,!* another radionuclide with a short half life. 
They did not, however, perform sequential studies, 
and the very short half Ше of the !?!*Tr (4-96 s) and 
its relatively low energy, mean that it is less suitable 
for imaging than !?35" Au, 

The administration of oxygen might be expected 
to increase the ratio of pulmonary flow to systemic 
flow as а result of pulmonary artery vasodilatation, 
assuming that the pulmonary vascular bed is reac- 
tive. Fujil et al suggest that patients with high flow 
ratios have retained such reactivity, whereas in those 
with lower values the resistance is fixed.! " Unlike the 
eight patients studied by Fupl et al none of our 
patients with Qp:Qs values between 2 and 3:1 had 
end stage disease or Down's syndrome (6/8 in Fujil's 
study). There was little change in the ratio of pul- 
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monary flow to systemic flow after oxygen admunis- 
tration in our study, suggesting either that a longer 
period of administration was needed to change the 
flow ratio in this group, or that ratios did not change 
sufficiently to reflect alterations in pulmonary vascu- 
lar reactivity. The latter assumption is supported by 
the Jack of change on straight leg raising, an inter- 
vention which would be expected to cause a fall in 
ratio as a result of systemic vasodilatation. 

'The values obtained in the left anterior oblique 
view were no different from those obtained in the 
anterior view. We had hoped to identify the site of 
shunting in this projection but were unable to do so. 
The left anterior oblique projection is, therefore, of 
little use because ıt is more awkward to achieve than 
the anterior view and does not provide additional 
information. 

In this study we applied a recirculation correction 
if we could identify a good recirculation curve.!? 
In most cases this correction was not essential, but 
occasionally it made fitting of the secondary curve 
easier. We found that use of intravenous cannula 
allowed excellent flushing of the bolus by saline 
without leakage and in only one case was it impos- 
sible to calculate the ratio of pulmonary flow to sys- 
temic flow. In this instance the bolus had become 
fragmented and even deconvolution of the curve 
would have proved fruitless.!? 

In summary, quantification of intracardiac shunts 
by means of the radionuclide !?57 Au is reproducible 
and accurate. The results are not affected by oxygen, 
exercise, or the choice of projection and the low radi- 
ation dose makes the radionuclide suitable for use in 
children with suspected left to mght shunts. The 
combination of this technique with cross sectional 
echocardiography may obviate the need for cardiac 
catheterisation in children with simple congenital 
defects. 


We thank Mr Laurence Freedman for his help with 
the statistical analysis and Mrs Christine Taylor for 
her help in the programme of the studies. We also 
thank the Atomic Energy Research Establishment, 
Harwell for the supply of the generators. 
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SUMMARY Mitral valve prolapse was sought clinically and with phonocardiography and M mode 
and sector echocardiography in 15 women aged 22-57 years with joint hypermobility syndrome. 
The type 1:111 + I collagen ratio was measured in skin biopsy specimens and was found to be 
raised in seven of 10 patients sampled. Thirteen patients had increased aortic wall compliance 
measured by the continuous wave Doppler ultrasound technique. Ten (67%) patients had mitral 
valve prolapse shown by auscultatory signs or echocardiography or both—a prevalence at least 
three times greater than that in the general adult population. 

It is concluded that if the abnormality of collagen biosynthesis found in skin biopsy samples in 
these patients is also present in their mitral valve tissue this may predispose them to prolapse of 


the valve. 


The primary mitral valve prolapse syndrome is one 
of the commonest cardiac abnormalities, being 
present in 4-21% of the adult population.!? Most of 
those affected are symptom free and have a good 
prognosis, but sudden death,* infective endo- 
carditis, spontaneous chordal rupture, and 
progressive mitral regurgitation’ are rare compli- 
cations and make this an important condition to rec- 
ognise. The subject has been well reviewed.?5 ^ !? 

The synonymous term, floppy mitral valve syn- 
drome, emphasises the well established structural 
abnormality of the valve leaflets, although the mol- 
ecular basis for this defect remains unclear. The 
main structural abnormality of the valve leaflets in 
primary mitral valve prolapse consists of myxo- 
matous degeneration and disruption of the pars 
fibrosa and there is dilatation of the mitral an- 
nulus.?!? 

The association of mitral valve prolapse with cer- 
tain inherited diseases (secondary mitral valve pro- 
lapse) including the Marfan syndrome,!*? the 
Ehlers-Danlos syndrome,'* and osteogenesis imper- 
fecta,! lends support to the hypothesis that mitral 
valve prolapse may be due to abnormalities in the 
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production or structure of collagen. Such changes 
have been shown to occur in these conditions.!$ 

The hypermobility syndrome is a sex influenced 
usually dominantly inherited disorder of collagen 
production characterised by non-inflammatory joint 
pain associated with generalised joint laxity.!? 
Mitral valve prolapse is present in about a third of 
сазез,!8!9 providing further evidence that a systemic 
abnormality of collagen may be associated with 
mitral valve prolapse. There is, at present, little in- 
formation on this connection. One study of the fam- 
ily of a patient with type IV Ehlers-Danlos 
syndrome has shown a consistent association of 
mitral valve prolapse and abnormally low type III 
collagen production. А more recent study, 
however, has shown an increased proportion of type 
III collagen in floppy mitral valve tissue compared 
with normal controls.?! 

The purpose of this study, therefore, was to assess 
the frequency of mitral valve prolapse among a 
group of patients who had evidence of a generalised 
connective tissue disorder and examine the link with 
the ratio of III:III +1 collagen types in skin biopsy 
specimens. 


Patients and methods 


Fifteen patients (all female, with an age range of 
22-57, mean 39 years) were selected from a group of 
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72 consecutive patients (62 women, 10 men) with 
joint hypermobility and joint pain attending Guy's 
Hospital rheumatology department. Radiographs of 
the affected joints were normal, and all patients were 
seronegative. 

These 15 patients were selected because they had 
clinical evidence of generalised connective tissue 
weakness. Eleven of the 15 patients had skeletal 
signs (arm span 3 inches (7-62 cm) greater than 
height, scoliosis, pectus excavatum, high palate, an- 
timongoloid slant to the eyes, long fingers). Eight 
had dermatological signs (thin, hyperextensible 
skin, striae, easy bruisability), and eight had eye 
signs (hypertelorism, epicantbic folds, redundant 
upper eyelids, severe myopia, strabismus). In addi- 
tion, a clear family history of joint hypermobility 
associated with pain in a first degree relative, most 
often a mother or sister, was obtained from all but 
one patient (case 4). 


JOINT HYPERMOBILITY 

All the patients were examined by one of us (AH C), 
and joint mobility was graded by the hypermobility 
score of Beighton and Horan.?? The scoring system 
18 as follows: (a) passive hyperextension of the fifth 
metacarpophalangeal joint to 90? scores 1 for each 
hand; (b) passive apposition of the thumb to the vo- 
lar aspect of the forearm scores 1 for each thumb; (c) 
passive hyperextension of the elbow to more than 
10? scores 1 for each arm; (d) passive hyperextension 
of the knees to beyond 10? scores 1 for each leg; (e) 
placing hands flat on floor by flexing spine while 
maintaining knees straight scores 1. The maximum 
score is 9. A score of 23 indicates a widespread 
hypermobility of the joints. 


COLLAGEN IILIIIC-I RATIO ASSESSMENT 
Collagen types I and III were measured.by a 
modification of the method described by Light.?? 
After local spray anaesthesia, small, full thickness, 
scissor biopsy specimens of forearm skin tissue were 
taken and frozen immediately at —70°C and then 
dissolved in formic acid. Collagen types I and III 
were measured by sodium dodecyl sulphate poly- 
acrylamide gel electrophoresis after digestion of skin 
samples with cyanogen bromide. 


AORTIC WALL COMPLIANCE 

Collagen comprises nearly half of the content of the 
aortic media and makes the greatest contribution to 
the tensile strength of the wall. The distensibility of 
the aortic wall is measurable by Doppler shift con- 
tinuous wave ultrasound signals?* and is directly re- 
lated to vessel compliance. This is defined as the 
fractional distension of diastolic lumen diameter per 
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unit of pulse pressure: C=(4 D/D)/AP, where C is 
the vessel compliance and 4D is the increase in di- 
ameter of the lumen D produced by an increment of 
pressure P. Compliance is usually expressed as C% 
per 10 mm Hg change in pulse pressure. Thus the 
distensibility of the aortic wall, which depends on its 
tensile strength, is directly related to the vessel's 
compliance. 

'The optimum method for measuring aortic com- 
pliance requires a system that is capable of mea- 
suring the change in luminal diameter produced by 
changes in pressure along the full length of the aorta. 
This takes into account variation in collagen content 
of the aortic wall and variable aortic tethering. 

Accurate measurement of aortic pressures is not 
easily obtained except by direct aortic cath- 
eterisation. Pulsed wave echo ultrasonography al- 
lows the measurement of aortic compliance at given 
sites but not along the aortic length. 

Aortic compliance cannot be measured directly by 
the continuous wave Doppler technique but it is 
possible to measure the characteristic pulse wave ve- 
locity by recording Doppler shift signals generated 
by reflection of the ultrasound beam from passing 
red blood cells at two simultaneously insonated sites 
on the aortic pathway. The puse wave velocity 
(PWV) equals L/T; where L is the distance between 
the two sites, T the delay time for the same heart 
beat at sites L apart between the start of systolic 
upswing of the blood velocity Doppler shift pulses. 

The characteristic pulse wave velocity is de- 
pendent on the blood density and the elastic modu- 
lus of volume distensibility of the artery wall per 
unit length.?* The variability and reproducibility of 
this method have been studied in 900 normal volun- 
теегз.25 Normal values for aortic compliance are low 
in the neonate, rise gradually to a peak at 10 years of 
age, and then fall gradually to adult levels. These 
studies have shown that the maximum standard de- 
viation frem the mean in each cohort is 10% and that 
there is nc appreciable variation in aortic compliance 
with blood pressure changes within physiological 
limits.’ The normal range is taken as 100 (2 SD) 
(that is 80-120%) (Fig. 1). 

Aortic compliance is not corrected for blood pres- 
sure as there is little variation in aortic compliance 
with change in blood pressure at physiological pres- 
sures.?5 It has also been shown that the maximum 
variability of aortic compliance throughout the day 
is 9-1%. Hourly aortic compliance was measured 
during the day in six symptom free adults (four men, 
two women, aged 20—26 years) who continued their 
usual daily activities (S Kontis, personal commu- 
nication). Only variations > 10%, were regarded as 
abnormal in this study—that is values above 130% 
or below 70%. 
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Table Summary of results and clinical data 
Cardtograpy 
ч 
Patent Age (yr) Joint Aortic Collagen Echo Phono Auscultation ECG Symptoms 
{цу compliance III 
(тах = 9) (96) 
1 22 8 100 27 MVP MSC MSC N Palpitaton 
2 27 3 167 24 MVP MSC MSC N Dyspnoea 
3 28 5 145 21 N- N N N — 
4 29 6 138 — N N N N — 
5 31 2 118 28 N N N N ACP 
6 31 5 157 25 N N N N — 
7 33 5 130 29 MVP N N N — 
8 38 1 148 — MVP MSC MSC N — 
9 44 5 144 30 N MSC MSC T inv, II, Palpitation 
II,aVF 
10 45 5 141 — N N N — 
11 50 1 143 — MVP N N T m VI, — 
2 52 7 149 — MVP MSC MSC Ist deg ACP 
HB, T inv, 
II, III 
3 53 4 139 31 MVP MSC MSC N Palpitanon 
4 53 1 169 33 MVP MSC N N Dyspnoea 
LS 53 7 217 46 MVP N N N — 





ICG, electrocardiogram; ACP, atypical chest рап; MVP, mitral valve prolapse, MSC, midsystolic click; HB, heart block, T inv, T wave inversion 
\ortc compliance: normal range 80-120%, mean 145% in these patients. 
Zollagen III ITI--1 normal range 23-27%, mean 30% in these panents 


METHOD OF MEASURING AORTIC COMPLIANCE 
The pulse wave velocity was measured with the pa- 
tient supine and unsedated. А hand held probe from 
а 4 MHz bidirectional Doppler ultrasound veloci- 
meter (Sonicaid, Vasoflow 2 BV 980) was placed in 
the left supraclavicular fossa over the subclavian ar- 
tery, pointing medially. Simultaneously, a probe 
from an identical 4 MHz bi-directional Doppler ul- 
trasound velocimeter was placed over the abdominal 
aorta at the level of the umbilicus, just proximal to 
the aortoiliac bifurcation. The instantaneous spec- 
trum of blood velocities in the vessel lumen at each 
site was monitored by recording the Doppler shift in 
frequency of the backscattered ultrasound signals on 
to stereomagnetic tape. The Doppler ultrasound ve- 
locimeters were modified by means of frequency do- 
main processing to display both forward and reverse 
fiow on each channel. The distance (L) was taken 
from the midpoint on the medial side of the sternal 
notch to the transducer site on the abdomen. From 
cadaver studies this has been shown to be within 5%, 
of the effective aortic pathway.’ Brachial blood 
pressure was recorded at the end of the mea- 
surement. 

The recorded audio frequency Doppler shift sig- 
nals from the two sites were simultaneously spec- 
trally analysed on separate channels of a spectrum 
analyser (Doptek). A hard copy printout of the re- 
sultant sonogram on ultraviolet light sensitive paper 
(Kodak Linagraph 1801) was obtained by means of a 
fibreoptic recorder (Medilec SOR 1002). The delay 


time (T) between the start of the systolic velocity 
upstroke for each pulse was measured with an elec- 
tronic digitiser (Summagraphics, Bitpad) and a 
microcomputer (Commodore Pet type 8032). Care 
was taken to obtain the value of T from the systolic 
foot to foot separation of the proximal and distal 
waveforms, and T was averaged for at least 20 pulses 
to minimise change in the aortic compliance caused 
by pressure fluctuations with respiration. Aortic 
compliance was then calculated from the equation: 


C% per 10 mm Hg (1:33 КРа)=66 7 (T/L) 
Aortic compliance (C) was expressed as a percentage 
of the normal value found per 10 mm Hg change in 
pulse pressure.?* 


CARDIAC ASSESSMENT 

All the patients were examined by one of us (СЕН). 
Auscultatory signs of mitral valve prolapse were 
sought with patients being.examined supine, in the 
left lateral position, and standing. This was supple- 
mented by a phonocardiographic examination with a 
Smith Kline Instruments diagnostic module P/N 
8544—9000, which was performed with the patient in 
the 40? left lateral position and breathing gently. 

A standard 12 lead electrocardiogram was ob- 
tained in all patients. M. mode and sector echo- 
cardiography were performed by a standardised 
technique with the patient in the partial left lateral 
position. We used an Ekoline sector 2 (Smith Kline 
Instruments) with a 2-1 MHz 90? transducer. 
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plotted against age (years). Mean (solid line) and 2 SD 
(broken lines) for aortic compliance previously measured in 
normal subjects are shown. 


The M mode echocardiographic diagnosis of mi- 
tral valve prolapse was made by showing mid to late 
systolic displacement of one or both leaflets at least 2 
mm below the line joining the point of valve closure 
in systole (C) to the point of valve opening in di- 
astole (D); or a pansystolic posterior displacement of 
at least 3 mm below the line joining C and D with 
the least displacement occurring іп mid systole.?" 
The criterion for diagnosis of mitral valve prolapse 
on the sector scan was protrusion of a portion of one 
or both mitral valve leaflets across the plane of the 
atrioventricular ring into the left atrium during sys- 
tole.?8?° Mitral valve prolapse was diagnosed if 
either the M mode or sector scan echocardiographic 
criteria were fulfilled. 


Results 

The Table summarises the results and clinical data. 
AORTIC COMPLIANCE 

Thirteen of the 15 patients had a significantly in- 


creased aortic compliance (Table). The two highest 
values were found in the oldest patients, whereas the 
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Fig.2 Scanning electron micrograph of a skin biopsy 
specimen from an age and sex matched control (a) and a 
patient (b) (zase 13) with mitral valve prolapse, raised 
collagen type I1I:11I + І ratio in the skin, and increased 
aortic compliance. Case 13 had decreased skin thickness, a 
decreased prcportion of thick collagen fibres, and an increased 
proportion of fine disorganised collagen fibres. 
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(middle), and M mode echocardiogram (bottom) from a 
patient (case 12) who had clinical, echocardiographic, and 
phonocardiographic features of mitral valve prolapse and T 
wave inversion and first degree heart block (PR interval 
0:24 s) on a resting 12 lead electrocardiogram. Lower arrow 
indicates prolapse of the posterior mitral valve leaflet. RV, 
right ventricle; IVS, intraventricular septum; AMV, 
anterior mitral valve leaflet. 


youngest patient had a normal value. There was no 
significant correlation of aortic compliance either 
with age or with skin collagen type III or types 
III I. 


SKIN COLLAGEN IILIII--I RATIO 
In six of the 10 patients sampled the ratio of 
IILIII +I collagen in the skin was increased. In the 
three patients aged more than 53 years these ratios 
were 31%, 33%, and 46%. Samples from the three 
youngest patients (aged under 28 years) were within 
normal limits. Skin collagen ratio III: III +1 in- 
creased significantly with increasing age (p « 0-01). 
Fig. 2 shows a typical scanning electron micro- 
graph of a skin biopsy specimen from a patient (case 
13) with mitral valve prolapse, raised type 
ПІІ 4- I collagen ratio in the skin, and increased 
aortic compliance, compared with a skin biopsy 
specimen from a normal age and sex matched con- 
trol. The micrograph of case 13 shows decreased 


505 


skin thickness, a decreased proportion of thick col- 
lagen fibres, and an increased proportion of fine dis- 
organised collagen fibres. 


CARDIAC FINDINGS 

Five patients had both auscultatory and echo- 
cardiographic features typical of mitral valve pro- 
lapse. One patient had a mid systolic click on 
phonocardiography and mitral valve prolapse on 
echocardiography but no abnormality detected by 
auscultation. One patient had a click on pho- 
nocardiography and on auscultation but had a nor- 
mal echocardiogram. Three patients had mitral 
valve prolapse diagnosed only by echocardiography. 
Thus 10 of the 15 patients had mitral valve prolapse 
diagnosed by one or more of the criteria used and in 
nine of these patients echocardiography was posi- 
tive. Fig. 3 shows a representative M mode echo- 
cardiogram (from case 1). 

Three patients had an abnormal electro- 
cardiogram, and all three had mitral valve prolapse. 
The electrocardiographic abnormalities consisted of 
non-specific T wave inversion in the inferior leads 
and, in one patient, first degree heart block. Seven 
patients had cardiac symptoms (mainly palpitation 
and atypical chest pain), and one of these did not 
have mitral valve prolapse. Three patients with 
echocardiographic evidence of mitral valve prolapse 
were symptom free. 


Discussion 


Our findings are consistent with those from other 
studies in which an increased frequency of second- 
ary mitral valve prolapse has been found in patients 
with certain connective tissue diseases? " !$ and an 
abnormality of collagen. The results also suggest 
that a raised generalised ratio of collagen types 
HIEI +I may be important in the pathogenesis of 
this condition, which has been attributed to a disor- 
ganisation of the lamina fibrosa of the mitral valve 
cusps.?? 

Our results accord with those of a recent study by 
Cole et al on normal and floppy valves from nec- 
ropsy and surgical material.^! They found a greatly 
increased amount of type III collagen and a smaller 
increase in type I collagen ín tissue from the floppy 
valve. 

Evidence for the heterogeneity of collagen 
deficiency in this condition has come from Hammer 
et al, who reported a deficiency of types HI and V 
collagen іп a floppy mitral valve. ?' 

An earlier study by Jaffe et al on the family of a 
proband with classic type IV Ehlers-Danlos syn- 
drome also provides evidence for an abnormality of 
type III collagen production in patients with co- 
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Fig. 4 Histogram showing the prevalence of mitral valve. 
prolapse (95) reported in joint hypermobility syndrome 
(FHS), in joint hypermobility syndrome wth additional. 
evidence of connective tissue disorder,’ and the frequency 
found т the present study. The frequency of mitral valve 
prolapse tn patients with yomt hypermobility, multisystem 
connective tissue disorder, and abnormal skin collagen ıs at 
least three times that in the general adult female population. 


existing mitral valve prolapse.?° They found a lower 
type III collagen production in those patients with 
mitral valve prolapse than in family members who 
did not have mitral valve prolapse. Ап increased 
prevalence of mitral valve prolapse has been found 
in patients with osteogenesis imperfecta,!? where 
collagen type I is abnormal. These reports and our 
own data strongly suggest heterogenous abnormal- 
ities of collagen biosynthesis in patients with mitral 
valve prolapse. 


SKIN COLLAGEN RATIOS 

Skin collagen ratios were measured in only 10 of our 
15 patients. When we were establishing the micro- 
assay used in this study, the collagen extracts from 
four age matched controls and patients 4, 8, 10, 11, 
and 12 were run on a gel and the results were tech- 
nically unsatisfactory. This is a clear disadvantage of 
working with small samples as there may not be 
enough collagen peptides to repeat a run. These five 
patients could not undergo repeat biopsy because 
they had been entered into a drug trial which af- 
fected their skin collagen ratios. In a previous study, 
however, the ratio of collagen types IIL:III- I in 
abdominal skin from normal donors ranging in age 
from 3 months to 92 years was shown to be 18-21% 
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for young and middle aged donors.?? In older do- 
nors the relative amount of type III collagen was 
increased to varying degrees (24-28%). In the 
present study six patients had increased ratios of 
type III:III +I (28-40%) compared with four nor- 
mal age and sex matched controls in whom values 
ranged from 24% to 26%. In two patients aged 53 
years these ratios were above 30%, and in one (aged 
57) it was 46%. These values reflect extreme abnor- 
malities in collagen metabolism in the skin. 

All of our patients were selected because they had 
joint hypermobility, which mainly affects females.!9 
Both joint hypermobility syndrome and mitral valve 
prolapse are inherited as sex influenced dominant 
traits and predominantly affect women.?? Since all 
of our patients were females, we cannot draw firm 
conclusions about the relevance of our findings to 
male patients with primary or secondary mitral valve 
prolapse. Further studies are required to clarify this 
point. 


AORTIC COMPLIANCE 

Most of our patients had a raised aortic compliance 
indicating an increased distensibility of the aortic 
wall. This is presumably related to abnormal col- 
lagen in the media. Abnormally high values for aor- 
tic compliance have been reported in various 
inherited connective tissue disorders including those 
with а known collagen abnormality.?^ The raised 
values in our patients confirm the presence of a gen- 
eralised connective tissue disorder. 

The normal aortic compliance in the youngest pa- 
tient may reflect the variability of expression of the 
gene determining this disease, producing lax liga- 
ments and joint capsules while leaving the aorta 
relatively unaffected. It would be interesting to re- 
measure the compliance in this patient at a later date 
to assess whether her mitral valve prolapse has 
progressed. 

In a previous blind study the aortic compliance of 
nine patients with Ehlers-Danlos syndrome type IV 
was found to be significantly increased.?? The more 
severely affected patients with very low type III col- 
lagen production had the highest compliance values. 
In a second blind study aortic compliance was 
shown to be increased in six out of 10 patients with 
ruptured intracranial aneurysm.?$ Four of the six 
patients had low production of type III collagen in 
skin fibroblasts. 

Joint hypermobility syndrome, in which there is 
an apparent deficiency of collagen type I with over- 
production of collagen type ITI, is a third instance of 
a collagen deficiency disease in which structural car- 
diovascular weakness (here of the mitral valve) is as- 
sociated with increased aortic compliance. 
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CARDIAC FINDINGS 
Опе, of .our patients (case 9) had auscultatory and 
phonocardiographic signs of mitral valve prolapse 
‘and a normal M mode and sector echocardiogram. 
Most investigators have found that about 10% of 
patients with typical auscultatory findings do not 
have prolapse on echocardiography and vice versa.” 
This weak association between physical signs and 
echocardiographic features of mitral valve prolapse 
is corroborated by the Framingham study.?? It is 
also conceivable that one or more of our patients had 
echonegative and silent mitral valve prolapse. None 
of our patients had murmurs, and this is perhaps a 
little surprising since soft systolic murmurs may be 
- present in apparently healthy women.? 

Certain electrocardiographic abnormalities, in- 
cluding non-specific T wave changes, are well recog- 
nised in patients with mitral valve prolapse.1??? All 
three patients with abnormal electrocardiograms in 
this study had mitral valve prolapse. 

Sudden unexpected death is a rare but recognised 
complication of secondary mitral valve prolapse. Re- 
cently, Pocock et al reported a young patient with 
mitral valve prolapse who died suddenly.*° They 
suggested that she had ventricular fibrillation which 
was probably related to multifocal premature ven- 
tricular contractions. They have assembled sixteen 
other cases of sudden death in patients with mitral 
valve prolapse, and although they emphasise that the 
frequency of sudden death is low, they stress the 
importance of identifying the small group of patients 
at higher risk and of managing them appropriately. 

Because the risks of sudden death and other com- 
plications, including those requiring valve replace- 
ment, appear small, physicians usually reassure most 
patients who have only echocardiographic evidence 
of mutral valve prolapse but may keep them under 
periodic review. Antibiotic prophylaxis against in- 
fective endocarditis is, at present, usually recom- 
mended only for those patients who have systolic 
murmurs,*! but this approach is not universal. The 
results from this study suggest that all patients with 
hypermobility syndrome and signs of generalised 
connective tissue deficiency should have careful 
clinical asessment with echocardiography because 
the frequency of mitral valve prolapse is likely to be 
high (Fig. 4). Antibiotic prophylaxis should be seri- 
ously considered in patients shown to have mitral 
valve prolapse, since endocarditis can develop (al- 
beit rarely) in patients who have clicks and no 
murmurs.*! 42 

It is not yet known whether those patients in 
whom complications develop are more likely to have 
a generalised connective tissue disorder and a more 
severely abnormal mitral valve structure or both 
than those with a good prognosis. 
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The results of our study suggest a link between 
secondary mitral valve prolapse and abnormal skin 
collagen. It would be of interest and possible clinical 
importance to assess collagen characteristics in mi- 
tral valve tissue from patients with hypermobility 
syndromes and also to assess collagen characteristics 
in skin and, whenever possible, mitral valve tissue 
from patients with primary mitral valve prolapse. If 
there is а common abnormality of collagen in the 
skin and mitral valve tissue, then it is possible that 
this could be of relevance in those patients who de- 
velop progressive mitral regurgitation or abrupt 
severe mitral regurgitation due to chordal rupture. 
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Exercise radionuclide ventriculography in children: 
normal values for exercise variables and right and left 
ventricular function 


MARK D PARRISH,* ROBERT J BOUCEK jg* JUDY BURGER,* 
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From the Departments of *Pedtatrics and t Radiology, Vanderbilt Medical Center, Nashville, Tennessee, USA 


SUMMARY Thirty two children (aged 5—19 years) with no clinical evidence of significant cardio- 
vascular disease undertook continuous staged supine exercise on a bicycle ergometer. Multigated 
radionuclide ventriculography was performed at rest and during each exercise stage. Exercise 
duration and total workload both increased with age. Aerobic work correlated better with age than 
did total work. In most children the ejection fraction for both ventricles increased by at least 5% 
with exercise. Right ventricular ejection fraction did not decrease with exercise in any subject but 
left ventricular ejection fraction decreased by 2% and 9% in two. The response of end diastolic 
volume to exercise was variable, but there was a consistent decrease in mean (SD) end systolic 
volume of the left (29(22)%) and right (30({19)%) ventricles. Cardiac index (mean (SD)) increased 
by 234(65)% with exercise. Thé left ventricular:right ventricular end diastolic volume ratio (mean 
(SD)) at rest was 1:26(0-26). 

It is concluded that exercise radionuclide ventriculography is an excellent technique for a 
combined assessment of exercise capacity and an evaluation of ventricular size and performance 
in children. These values for supine bicycle exercise in children without significant cardiovascular 
disease will be useful for future comparisons with other groups. 


Abnormalities of ventricular performance have been 
reported in children with diverse types of heart dis- 
ease.! ^? In several studies radionuclide ventricu- 
lography and'exercise stress testing were used to 
assess such children.* ^5 Most of these studies, how- 
ever, have compared results from “abnormal” chil- 
dren with published data on normal adults. No data 
are available on the results of exercise radionuclide 
ventriculography in normal children, nor are data 
available on normal workloads, heart rate, and blood 
pressure response to supine bicycle exercise with a 4 
minute per stage graded exercise protocol. We report 
the results of radionuclide ventriculography in 32 
children who undertook supine exercise on a bicycle 
ergometer. 
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Patients and methods 


STUDY GROUP 

Between June 1980 and June 1983 we performed 
radionuclide ventriculography in 220 children. All 
had been referred for investigation for clinica! rea- 
sons, and informed consent was obtained from each 
patient and their parents (institutional review com- 
mittee approval, July 1982). Patients were eligible 
for inclusion if they had undergone an exercise 
radionuclide ventriculogram and they had no clinical 
evidence of structural heart disease, cardiac dys- 
function, or congestive heart failure; were taking no 
medications; had no history of exercise intolerance; 
and had a normal baseline electrocardiogram, chest 
x ray film, and echocardiogram. Thirty two of our 
220 patients met these criteria. These 32 patients 
ranged in age from 5 to 19 years (mean (SD) 
12-4(3-6) years). Their weights ranged from 15 to 60 
kg (mean (SD) 44-3(17) kg). 
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Ethical considerations prevent the recruitment of 
healthy children solely for the purposes of a radio- 
nuclide study. The diagnoses with which our 32 
patients were referred were as follows; arrhythmias 
(extrasystoles or paroxysmal atrial arrhythmias) 13 
patients; chest pain, seven patients; postoperative 
state, seven patients (six patients had had atrial sep- 
tal defect repair and one patient had had repair of a 
partial anomalous pulmonary venous drainage); pec- 
tus excavatum, three patients; hyperlipidaemia, one 
patient; and normal heart, one patient. All post- 
operative patients had been operated on before the 
aged of 6 and were studied at least a year after oper- 
ation. All patients (including those with a history of 
arrhythmias) were in normal sinus rhythm at the 
time of radionuclide study and did not have a history 
of chronic or incessant tachycardia. There was there- 
fore no clinical reason to suspect any abnormality of 
ventricular function in these children. 

Initially, results for the postoperative patients 
were examined separately and compared with the 
remaining patients. Since no significant differences 
were found all patients were subsequently grouped 
and analysed together. 


EXERCISE PROTOCOL 

The patients performed supine exercise on a bicycle 
ergometer and followed a continuous staged protocol 
similar to that described by Godfrey." Exercise was 
performed in 4 minute stages with an increase in 
workload at each stage up to the point of maximum 
voluntary patient effort. Stages lasting 4 minutes 
rather than 3 minute stages were chosen because the 
longer time allows us to obtain better quality radio- 
nuclide images. The workload was set at 200 
kpm/min (33 4W) for stage 1, and increased by 200 
kpm/min (33-4W) for each subsequent stage. Pedal 
speed was maintained at between 60 and 80 rpm for 
the duration of the exercise. In all children the rea- 
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son for stoppiag exercise was leg fatigue. Three elec- 
trocardiographic leads were monitored continously 
throughout exercise (modified Frank system). We 
used an automated device to measure blood pressure 
in the arm every 2 minutes. This device uses acoustic 
transduction with electrocardiographic gating and 
signal filtering and has been validated for use in chil- 
dren during exercise. In eight children, free flowing 
venous blood samples for the determination of lactic 
acid were obtained before exercise and 2 mintues 
after exercise had ceased. In another seven children 
free flowing venous blood was obtained from an 
indwelling antecubital cannula every minute during 
exercise and for 5 minutes after exercise to determine 
the onset of metabolic acidosis (lactic acidaemia). 


RADIONUCLIDE STUDIES 

Multiple gated equilibrium radionuclide studies 
were performed with the subject in the supine posi- 
tion at rest and during the final 3 minutes of each 
exercise stage. We have already described and vali- 
dated our data acquisition and analysis tech- 
niques.? 11 All studies were analysed to obtain right 
and left ventricular ejection fractions at rest and dur- 
ing peak exercise. In addition, we used a geometric 
formula to calculate left ventricular volumes at rest 
and with exercise. From these volumes and the ejec- 
tion fraction we estimated the cardiac index at rest 
and during реаК exercise. Using the regional blood 
counts, we also calculated a left ventricular to right 
ventricular volume ratio. 

We required at least 1 minute of data acquisition 
during exercise to accumulate adequate radionuclide 
data. Eleven children exercised for less than 2 
minutes (mean (SD) 1-0(0-4) minutes) of their final 
exercise stage. Thus for these children we used the 
preceding radionuclide image (obtained during the 
stage just before maximum exercise) to calculate 
peak exercise performance indices. The remaining 


Table 1 Exercise performance in children aged 5-9 years (group 1), 10-14 years (group 2), and 15-19 years (group 3) 








1 2 3 
No patients 7 17 8 
Age (yr) 73(11) 12-4(1 5)* 16 9(13)*1 
Heart rate (beats/min) 80(15) 86 i 111(24)* 
Change in systolic blood pressure (mm Hg) 40 (28) 44 (16 61(25) 
Exercise ume (min) 
Boys 8-6(1 1) 11 6(2-3)* 1753 2)*tt 
Girls 705) 11 3(2-9)* 120 8)* 
Combined 79(1 2) 11 5(2 4)* 16 1(3 8)*t 
‘Total work (kpm/m?) 
Boys 2943 (478) 3546 (901) 5846 (166)*+{ 
Girls 2157 (224) 3458 (1489)* 3444 (932) 
Combined 2606 (555) 3515 (1096) 5247 (1829)*1 





*Significantly different from group 1, p < 005 
fSignificantly different from group 2, р< 005. 
{Boys significantly different from girls: p < 0 05. 


Conversion: traditional units to SI—1 kpm/m? = 9 807 J/m?. 
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Fig. 1 


21 children exercised for 2—4 minutes (3:3 (0-8) min) 
of their final exercise stage and had adequate radio- 
nuclide images for this last stage. 


STATISTICAL ANALYSIS 

Group values obtained at rest and during peak exer- 
cise are given as means and standard deviation. 
Group means were compared by one way analysis of 
variance followed by a Newman-Keuls multiple 
comparisons test.!? Correlations were assessed by 
linear regression analysis. А probability value of 
р<0:05 was regarded, as being statistically 
significant. 


Results 


EXERCISE PERFORMANCE 

Table 1 summarises some of the exercise per- 
formance results. Ali patients exercised beyond their 
anaerobic threshold as shown by the onset of tachy- 
pnoea in all patients!? In the subgroup of eight 
patients in whom lactic acid concentrations were 
measured they increased from 2-0 (0:8) mg/dl 
(0-22(0-09) mmol/l) at rest to 5-6 (1:5) mg/dl (0-62 
(0-17) mmol/l) after exercise. Lactic acid concen- 
trations increased by from 1 to 5-5 mg/dl (0-11 to 
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0-61 mmol/!). Serum bicarbonate concentrations fell 
before the end of exercise in all seven patients in 
whom venous blood gases were monitored. 
Heart rate always increased by at least 55 beats per 
minute and blood pressure increased by at least 20 
mm Hg (systolic). 

We divided patients into three groups (group 1, 


. 5-9 years; group 2, 10-14 years; group 3, 15—19 


years) to determine the effect of age and sex on exer- 
cise variables. 

Sex—There were 43%, 35%, and 38% female 
patients 1n groups 1, 2, and 3 respectively. We found 
no significant difference between boys and girls at 
any age in the responses of heart rate or blood pres- 
sure to exercise. In age group 2, however, boys were 
able to exercise for a significantly longer period and 
perform a significantly greater amount of work 
(p « 0-05) than girls. 

Age—We found no significant difference between 
age groups 1 and 2 in the heart rate or blood pressure 
response to exercise. Age group 3, however, had a 
significantly greater heart rate increase (but not 
blood .pressure increase) than did the younger 
patients. In addition, the older patients tended to 
exercise for longer, and perform more work per 
square metre of surface area. In boys the total work- 
load per square metre correlated with age (r=0-57 
p<0-05), but there was no significant correlation 
between age and workload in girls. 

Since total workload is in part dependent on effort 
and aerobic capacity we assessed the age dependence 
of the anaerobic threshold as well as the total work- 
load in the subgroup in which venous blood gases 
were measured. Aerobic work was defined as the 
work per square metre achieved before there was an 
abrupt decrease in base deficit (anaerobic threshold). 
There was a very strong correlation between aerobic 
work and age (r=0-83, p « 0-05). In this subgroup, 
however, there was no significant correlation 
between total workload and age (see Fig. 1). Work- 
load, achieved in our three age groups was at least 
1900(18-6) (group 1), 2100(20-6) (group 2), and 2700 
(26) (group 3) kpm/m? (kJ/m?) regardless of sex. 
The expected aerobic workload (kpm/m?; kJ/m?) is 
approximately 210 times the patient's age in years. 


RADIONUCLIDE VENTRICULOGRAPHY 

Cardiac performance 

The ejection fractions of the left and right ventricles 
are shown in Fig. 2. Only one patient had a resting 
left ventricular ejection fraction of less than 5095. In 
-this patient, who was referred because of occasional 
extrasystoles, the left ventricular ejection fraction 
increased to 70% with exercise. Five patients had 
resting right ventricular ejection fractions of less 
than 40%. Three of these patients were being 


Left ventricular ejection fraction (°%) 
R S 





60 
56 
52 
48 
44 
40 m 
Rest Peak 
exercise 


Parrish, Boucek, Burger, Artman, Partain, Graham 





78 © 
74 
70 
4 66 
i| ZZ 
P 
c 58 hs 
| CG 
y 54 А LEII 
201 | LY 
Б Af 
QE P 22 
A Gf 
38 od 
34 
30 m 
Rest Peak 
exercise 


Fig.2 (a) Left and (b) right ventricular ejection fractions at rest and at peak exercise. Means (1 SD) are given. 


investigated for minor arrhythmias, one for chest 
pain, and one had had repair of an atrial septal defect. 
In all five patients the ejection fraction increased by 
at least 5% (5 ejection fraction units) with exercise. 

Table 2 summarises the responses of the right and 
left ventricles to the stress of exercise. Ejection frac- 
tion decreased by more than 5% (5 ejection fraction 
units) in only one patient. This patient had a history 
of supraventricular tachycardia. Her left ventricular 
ejection fraction decreased from 74% to 65% with 
exercise, whereas the right ventricular ejection frac- 


Table 2 Ejection fraction changes with exercise (figures 
are numbers of patients) 


Increass Change Decrease 
by >5% «5% by >5% 
Left ventricle 22 9 1 
Right ventricle 28 4 0 


tion increased from 45% to 62%. У 

Nine patients had a change of less than 5% in their 
left ventricular ejection fraction. In eight of the nine 
patients their ejection fraction increased slightly 
(mean 4-2-4(0-8)95) and in one patient it increased 
by 2%. Six of these nine patients had a resting ejec- 
tion fraction of more than 65%. The remaining three 
patients had resting left ventricular ejection fractions 
of 62%, 55%, and 51%. The diagnosis at referral in 
these three patients were paroxysmal supra- 
ventricular tachycardia, postoperative atrial septal 
defect repair, and ventricular ectopy respectively. 

Four patients had a change of less than 5% in right 
ventricular ejection fraction. The ejection fraction 
increased in all four patients (mean +2(0-7)%). 
These patients had resting ejection fractions of 58%, 
52%, 52%, and 50%. They were referred with 
hyperlipidaema, paroxysmal supraventricular tachy- 
cardia (2), and chest pain respectively. 

Cardiac index increased with exercise in all 
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Fig.3 (a) Left and (b) right ventricular end diastolic volumes and (c) left and (d) right ventricular end systolic 
volumes determined by a geometric technique at rest and at peak exercise. Means (1 SD) are shown. 
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Table 3 Results of radionuclide ventriculography in 32 children without sigmficant cardiovascular disease 





Rest 

Lower hmt 
LV ejection fraction 050 
RV ejection fraction 035 
LV:RV end diastolic volume ratio (CT) 090 
ІУ: КУ end diastolic volume ratio (GEO) 070 








Exercise 
Upper ити Lower hmt Upper limt 
075 055 0-85 
0 65 050 075 
185 RE диц 
150 — — 


CT, method based on regional counts, GEO, method based on geometric volume determination; LV, left ventricle; RV, right ventricle. 


patients (+234(65)%). Changes in cardiac index 
ranged from +129% to +448%. Neither age nor 
total workload per square metre, however, correlated 
with change in cardiac index. 


Ventricular volumes 

Figure 3 shows the ventricular volumes at rest and 
with exercise. The responses of right and left ven- 
tricular end diastolic volumes to exercise were vari- 
able. Eight patients showed increases in left ventric- 
ular end diastolic volume with exercise, whereas the 
rest showed a decrease. Similarly, for the right ven- 
tricle, 10 patients showed an increase in end diastolic 
volume and the remaining patients showed a 
decrease. The mean (SD) change in left and right 
ventricular end diastolic volumes for the whole 
group was —9:8(19:8)% and —8-1(19-8)% respec- 
tively. T'he differences between the mean resting and 
mean peak exercise end diastolic volumes were not 
statistically significant. 

The response of the end systolic volumes to exer- 
cise was more consistent than that of the end 
diastolic volumes (Figs.3c and 3d). All but one 
patient showed a decrease in left ventricular end sys- 
tolic volume with exercise. The mean (SD) change 
for the group was —29(22)%. Similarly, right ven- 
tricular end systolic volumes increased with exercise 
in only two patients. The mean change in right ven- 
tricular end systolic volume with exercise was —30 
(19)%. The peak exercise end systolic volumes of 
both ventricles were significantly less than their rest- 
ing end systolic volumes. 

One patient in whom left ventricular end systolic 
volume increased with exercise also showed a 9% 
decrease in left ventricular ejection fraction. This 
patient had a history of supraventricular tachycardia 
but was otherwise normal. In two patients right ven- 
tricular end systolic volume increased with exercise. 
One of these patients (history of supraventricular 
tachycardia) had an increase in both left and right 
ventricular ejection fractions with exercise of 6% 
and 8% respectively. The remaining patient (post- 
operative atrial septal defect repair) shówed an 
increase of only 4% and 2% for his left and right 
ventricles respectively. 

We also assessed the ratio of the left ventricular 


end diastolic counts to right ventricular end diastolic 
counts. This volume assessment is relatively inde- 
pendent of geometric considerations. Аз assessed by 
this count based method the mean (SD) left ventric- 
ular to right ventricular end diastolic volume ratio 
was 1:26(0:26) with a range of 0-85 to 1:84. The 
volume ratio did not change significantly with exer- 


. cise (1-28(0-27); range 0:93-2:16). A similar volume 


ratio was derived by geometric estimation of end 
diastolic volumes. At rest this geometric volume 
ratio was 1-10(0-22) (range 0 70-1-48), and with 
exercise it was 1:11(0-27) (range 0:79-1:77). The 
differenoe between the count based and geometric 
based volume ratios was not statistically significant. 

'Table 3 summarises what we consider to be nor- 
mal radionuclide ventriculography findings in chil- 
dren, based on our results in this group of 32 patients 
without significant cardiovascular disease. The 
upper and lower limit numbers encompass the range 
of values seen in our patient group to the nearest 0 05 
units. 


Discussion 


We have already discussed some of the technical 
considerations when supine exercise and radio- 
nuclide ventriculography is performed in chil- 
dren.?^!! This technique seems to be safe and the 
results compare well with cineangiography in chil- 
dren with diverse types .of cardiac disease. One 
potential drawback, however, of the multigated tech- 
nique used here is that the peak exercise results are 
an average of cardiac performance for several 
minutes before the subject stops exercising. Thus, 
our results at peak exercise may differ slightly from 
those obtained by other methods which provide a 
more rapid determination of cardiac performance. 
The use of a first pass radionuclide technique would 
avoid this difficulty.'4~ 16 

The mean resting right and left ventricular ejec- 
tion fractions in our study are lower than those usu- 
ally found by cineangiography! !? or with a first pass 
radionuclide technique.*~2% This may be due to 
any one of several factors including: inherent 
differences between a rapid ejection fraction deter- 
mination (cineangiography) and a time averaging . 
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technique (radionuclide ventriculography); a consis- 
tent small error in the correction for background 
activity; or overlap of atrial and ventricular activity 
at end systole. 

Our results for blood pressure and heart rate 
response and total work resemble those for upright 
bicycle exercise in normal children’? and those for 
treadmill exercise in normal children.?? In common 
with these previous studies, we also found that exer- 
cise duration and total workload increase with age. 
In addition, we found that separate analysis of aero- 
bic and anaerobic work by means of venous blood 
gases seemed to improve our assessment of working 
capacity by increasing the correlation between age 
and total workload. 

Cardiac output in response to exercise has been 
measured in normal children by Cumming?! and by 
Lock et al.?? They found a mean increase in cardiac 
output of 187% and 258% respectively. These 
results resemble the increase of 234(65)% in our 
study. 

The ejection fraction response to exercise for both 
ventricles has been described in normal adults.?3~ 25 
In adults, as in our children, the ejection fraction for 
both. ventricles usually increases by at least 5% (5 
ejection fraction units) with exercise. We found that 
a decrease in right or left ventricular ejection fraction 
of more than 5% is quite unusual in normal children 
(1 of 32) and we regard this as an abnormal response. 
Interpretation of an abnormal ejection fraction 
response, however, must be cautious because this 
measure of ventricular performance is influenced by 
preload, afterload, and contractility. 

Relative changes in the end systolic and end 
diastolic volumes with exercise determine the ejec- 
tion fraction response to exercise. We found that the 
right and left ventricular end systolic volumes usu- 
ally decrease with exercise, whereas the response of 
the end diastolic volume is variable. Indeed we con- 
sider an increase in end systolic volume with exercise 
to be abnormal since this response is very unusual in 
normal children. End diastolic volume is more likely 
to increase during upright ехегсізе.26 

We conclude that exercise radionuclide ventricu- 
lography is an excellent technique for combined 
assessment of exercise capacity and evaluation of 
ventricular size and performance in children. 


MDP was supported as a research fellow of the 
American Heart Association, Tennessee Affiliate. 
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Diagnosis and natural history of Ebstein’s anomaly 


DOROTHY J RADFORD, R F GRAFF, G H NEILSON 
From the Department of Cardiology, The Prince Charles Hospital, Brisbane, Queensland 4032, Austraha 


SUMMARY Thirty five cases of Ebstein’s anomaly were diagnosed by cardiac catheter study or 
echocardiography between 1962 and 1984. The anomaly was an isolated abnormality in 27 
patients; the remainder had additional heart lesions. Six patients have died and four of these had 
other cardiac lesions. Thirteen are currently symptom free. Twelve cases presented with cyanosis 
and heart murmur on the first day of life. Eight of these had associated thrill which is a rare 
finding in neonates. As pulmonary vascular resistance fell there was clinical improvement. This 
was assisted by oxygen treatment. Another two cases presented in the first week of life and 10 in 
the first decade with a murmur or supraventricular tachycardia. Eleven cases presented as adoles- 
cents or adults with a murmur, cardiomegaly, or cardiac symptoms. Three patients were seen 
initially in the sixth decade. Clinical diagnosis was correct in only one adult. 

Twenty five patients had cardiac catheterisation. Important arrhythmias occurred in 10 cases, 
and two required cardioversion. Difficulty was experienced in entering the pulmonary artery in 
11 infants and children. Diagnosis at initial catheter study was incorrect in four patients.. Echo- 
cardiograms were recorded in 29 cases. Earlier M mode measurements of time delay of tricuspid 
closure compared with mitral closure did not always lead to the correct diagnosis. Cross sectional 
studies gave good images of tricuspid leaflet displacement, its tethering, and the atrialised portion 
of the right ventricle and have facilitated the diagnosis of more cases in recent years. Echo- 
cardiography is the procedure of choice for diagnosis of Ebstein’s anomaly. 


In 1866 Wilhelm Ebstein reported his necropsy 
findings in a cyanosed 19 year old labourer who had 


anterior leaflet is also abnormal and is usually large 
and sail-like.® 


had dyspnoea and palpitation since childhood.!? 
'The description of a congenital heart abnormality 
was illustrated by meticulous hand drawings which 
showed (a) a severe malformation of the tricuspid 
valve; (b) absence of the valve to the coronary sinus, 
and; (c) a patent foramen ovale. Several similar cases 
were described over the next seventy years and the 
eponym Ebstein’s disease was applied to them.?* It 
was not until 1949 that a case was diagnosed clini- 
cally.° 

The basic anatomical abnormality consists of dis- 
placement of the septal and posterior leaflets of the 
tricuspid valve from the atrioventricular annulus 
into the body of the right ventricle. This results in 
atrialisation of a portion of the right ventricle. The 
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We have reviewed the diagnosis and natural his- 
tory of Ebstein’s anomaly in the light of currently 
available diagnostic techniques. 


Patients and methods 


All patients in whom Ebstein’s anomaly was diag- 
nosed by cardiac catheterisation ог echo- 
cardiography or both at the Prince Charles Hospital 
between 1962 and 1984 are included. Hospital 
records, electrocardiograms, chest x ray films, hae- 
modynamic data from catheter studies, angiograms, 
and echocardiograms were reviewed. 


Results 


There were 35 :савеѕ of which 18 were female and 17 
male. Simple Ebstein’s anomaly was present in 27 
patients and eight had other complicating cardiac 
lesions, most:of which affected the right ventricular 


- ovtflow tract. Additional pulmonary valve stenosis 
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Fig. 1 
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Chest x ray films of a baby with Ebstein's anomaly showing (a) massrve cardiomegaly and oligaemic lung fields at 


1 day and (b) aged 5 months, showing that the size of the heart is considerably reduced and that the lung fields are 


normal. 


was present in three, pulmonary atresia in two, a 
double outlet right ventricle with pulmonary steno- 
sis in one, and two had corrected transposition of the 
great arteries with coarctation of the aorta. 


PRESENTATION 
Fourteen patients presented as neonates, 13 of them 
had cyanosis and a murmur and one had gross 
hydrops fetalis and supraventricular tachycardia 
(rate >300 beats per minute), Ten patients 
presented as infants and children, five with a mur- 
mur, three with supraventricular tachycardia, one 
with cyanosis, and one with widespread oedema. 
Eleven patients did not present until they were 
adolescents or adults; three of them were over fifty. 
Palpitation, dyspnoea, and chest pain were the 
presenting features in seven, while two were found 
to have cardiomegaly on chest x ray film and two 
younger patients aged 16 and 25 had asymptomatic 
murmurs. 


Neonates 

Of 14 neonates, 12 presented on the first day of life 
and all had both cyanosis and a murmur. Eleven had 
loud pansystolic murmurs at the left sternal edge 
indicative of tricuspid incompetence, and eight of 
these had an associated thrill, which is a rare finding 
in a neonate, The cyanosis and murmurs tended to 
decrease or disappear over subsequent days as the 
pulmonary vascular resistance fell. The electro- 
cardiograms were not always diagnostic, although 11 
of the 14 neonates had right atrial hypertrophy (P 
wave greater than 3mm). The QRS axis varied from 
30° to 240°. Five had right bundle branch block 
(QRS duration 20:06 s), and three had first degree 


heart block (PR interval duration 20:10 s). The car 
diothoracic ratio on chest x ray film ranged from 
0:51 to 0:90 with a mean of 0:73. The heart size as 
determined by x ray film became smaller with age 
(Fig. la and b). 

The mother of one neonate had taken lithium car- 
bonate in pregnancy. Another had had rubella infec- 
tion and, in addition to Ebstein’s anomaly, her 
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Fig. 2 
anomaly showing the classic large rounded "clockface" 
heart. 


Chest x ray film of a 6 year old boy with Ebstein's 
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Fig. 3 Chest x ray film of a 16 year old boy with 
Ebstein's anomaly. There is minor right atrial enlargement 
only. 


infant had pulmonary stenosis, cataracts, and deaf- 
ness. 


Children and adults 

The cardiothoracic-ratio in patients who presented 
in infancy and childhood ranged from 0:4 to 0-7 
(mean 0:57). In adults, it ranged from 0-46 to 0-67 
(mean 0-55) (Figs. 2 and 3). 

Most patients had either complete or incomplete 
right bundle branch block evident on the electro- 
cardiogram. T'wo had evidence of accessory conduc- 
ting pathways, three are now in atrial fibrillation, 
and one had complete heart block treated by pace- 
maker implantation. 

Clinical findings in this group were variable and 
ranged from absent murmur with third or fourth 
heart sound, through soft mid-diastolic murmurs, to 
systolic murmurs of from grade 1 to grade 4 or 6 
intensity. The anomaly was diagnosed on clinical 
evidence alone in only one adult. 


CARDIACCATHETERISATION 

Catheter studies were done in 25 patients. There 
was important arrhythmia during the study in 12 
patients and two required cardioversion. No deaths 
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occurred as a result of catheterisation. In 11 infant 
and children the main pulmonary artery could not 
be entered; even floatation balloon catheters wer: 
not helpful. Three of these patients had associated 
pulmonary stenosis but the others had a patent right 
ventricular outflow tract. One such patient was 
wrongly considered to have pulmonary atresia 
There was a right to left atrial shunt in 14. The ini 
tial catheter diagnosis was wrong in four patient: 
and was later corrected by restudy in one and by 
echocardiography in three. 


ECHOCARDIOGRAPHY 

Echocardiograms were recorded in 29 patients and 
in 10 they were the only diagnostic investigation 
Earlier M mode studies to determine the delay of 
tricuspid valve closure on mitral closure were not 
always diagnostic. The delay ranged from 20 to 90 
ms and should be >50 ms for diagnosis of Ebstein’s 
anomaly.’* Cross sectional studies from the apical 
four chamber view were most helpful, particularly 
for measurement of septal leaflet displacement 
which is always > 15 mm in patients with Ebstein's 
anomaly (Fig. 4). In the past three years 14 new 
cases of Ebstein’s anomaly have been diagnosed by 
echocardiography. Other features noted on echo 
cardiography were tethering of the septal leaflet of 
the tricuspid valve, exaggerated sail-like motion of 
the anterior leaflet, and the sizes of the atrialised 
portion of the right ventricle and of the functional 
right ventricle. 





Fig. 4 Cross sectional echocardiogram in the four chamber 
apical view of a 7 year old boy with Ebstein's anomaly 


The tricuspid valve (tv) is displaced 25 mm into the bod 
of the right ventricle ( RV) as compared with the mitral 
valve (mv). This produces a small functional RV and an 
atrialised portion of right ventricle (ако). The left atrium 
( LA) and left ventricle ( LV) are normal 
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FOLLOW UP 

Six (17%) of the 35 patients have died. Four deaths 
occurred in patients with associated abnormalities. 
Two died of supraventricular tachycardia—a 2 week 
old boy with a double outlet right ventricle and a girl 
aged 3 months with pulmonary atresia. Two patients 
died of infections—one aged 3 months with pul- 
monary atresia and viral pneumonia and one aged 2 
years with pulmonary stenosis, a hypoplastic right 
ventricle, and pneumococcal septicaemia. One neo- 
nate who was wrongly thought to have associated 
pulmonary atresia died and there was one post- 
operative death after attempted tricuspid valve 
replacement and atrial septal defect closure in a 3 
year old child. 

Only two of our patients have had definitive 
surgery and one of them died (see above). The other 
had a closure of an atrial septal defect, pulmonary 
valvotomy, and tricuspid valve repair and a later tri- 
cuspid replacement. Operation in another six 
patients included one pulmonary valvotomy, one 
aortopulmonary shunt, two coarctation repairs, 
one division of а Kent bundle for 
Wolff-Parkinson-White syndrome, and one pace- 
maker insertion for complete heart block 

Thirteen patients are currently symptom free, 
including seven who presented with cyanosis as neo- 
nates. Another 12 patients have had slight symptoms 
such as palpitation or mild dyspnoea. Four have had 
more serious problems including two with arrhyth- 
mias and systemic embolism, one with severe 
arrhythmias necessitating Kent bundle division, and 
one who is currently cyanosed and has limited exer- 
cise tolerance. 

Six women with Ebstein’s anomaly have been 
pregnant; they have a total of 12 children. No deteri- 
oration in cardiac function was noted as a result of 
pregnancy. Eight of the pregnancies occurred before 
the diagnosis of the cardiac lesion had been estab- 
lished. 


Discussion 


Neonates presenting on the first day of life with 
Ebstein's anomaly form an interesting subgroup in 
which clinical improvement occurs with age. The 
initial striking presentation is related to persistent 
pulmonary hypertension with consequent poor for- 
ward blood flow through the pulmonary valve, pro- 
nounced tricuspid regurgitation, and right to left 
shunting through the foramen ovale. These result in 
appreciable cyanosis and loud tricuspid regurgitant 
murmurs associated with a thrill. As pulmonary vas- 
cular resistance falls, forward blood flow improves, 
and cyanosis and murmur intensity decline as regur- 
gitation becomes less. Ve have endeavoured to assist 
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the fall of pulmonary artery pressure by the admin- 
istration of oxygen to such infants. 

These haemodynamic abnormalities explain the 
difficulties encountered during cardiac cath- 
eterisation. The main pulmonary artery could not be 
entered in 11 of our young patients, eight of whom 
had a patent right. ventricular outflow tract, while 
three had pulmonary stenosis. Difficulty in entering 
the pulmonary artery and the right ventricle has 
been noted previcusly,? as has the problem of dis- 
tinguishing between functional and structural pul- 
monary atresia.!? ‘One of our patients who died was 
wrongly considered to have associated pulmonary 
atresia. Retrograde aortography and contrast and 
Doppler echocardiography have shown pulmonary 
regurgitation across structurally normal pulmonary 
valves in such infants.'°!! As the clinical condition 
of these babies improved there was an associated 
improvement in the radiological appearance of the 
heart and lungs. Cardiomegaly due to massive rigbt 
atrial dilatation lessened and reduced pulmonary 
vascularity became norrnal. 

Arrhythmias are known to occur dung cardiac 
catheterisation and may result in death. In an inter- 
national cooperative study of 505 cases of Ebstein's 
anomaly, 363 catheterisations were done, 90 cases 
had atrial arrhythmias and there were.13 deaths and 
six cardiac arrests.!? Wood stated that when the 
clinical diagnosis of Ebstein’s anomaly is well 
founded, catheter study is contraindicated because 
of the risk of death from arrhythmia.!? Because 
cross sectional echocardiography now provides a 
reliable assessment of anatomy and function, 
invasive investigation of these patients is no longer 
necessary. 

Echocardiography also led to the correct diagnosis 
in patients in whom the clinical features were not 
pathognomonic, and we have used this technique to 
diagnose 14 new cases in the past three years. In 
addition four wrong diagnoses based on catheter 
studies were corrected. The apical four chamber 
view is the best for cross sectional echocardiographic ' 
diagnosis. This allows the atrioventricular ring to be 
imaged simultaneously with the displaced tricuspid 
valve leaflets and demonstrates the size of the atri- 
alised portion of the right ventricle.!* Since the tri- 
cuspid valve is normally slightly displaced apically 
in comparison with the mitral valve, diagnostic cri- 
teria are necessary to distinguish the displacement 
caused by Ebstein's anomaly. From anatomical and 
echocardiographic studies, a displacement of 15 mm 
in children and 20 mm in adults has been found to be 
discriminatory.!? Another study related the dis- 
placement distance of the septal leaflet of the tri- 
cuspid valve to the body surface area and showed 
that a displacement index of 28 mm/m? was a sensi- _ 
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tive indicator of Ebstein's anomaly.!5 Apart from its 
usefulness in primary diagnosis, cross sectional 
echocardiography was valuable in assessing patients 
for operation and deciding preoperatively which 
patients required plastic repair for plication of the 
atrialised right ventricle and tricuspid annuloplasty 
rather than tricuspid valve replacement.!? 

Possible prognostic factors in Ebstein's anomaly 
have been assessed in several studies and those fea- 
tures associated with poor outcome were: (a) other 
complicating cardiac lesions; (6) persistent cyanosis 
аз a result of right to left atrial shunting; (с) diagno- 
sis made in infancy; (d) severe cardiomegaly; (e) 
development of dyspnoea at rest; and (f) right heart 
failure.® 91819 

Our experience confirms that the outcome is poor 
in patients with associated cardiac lesions. Four of 
six deaths in our series were in this category. We do 

‘not, however, agree that diagnosis in infancy is a 
prognostic factor in itself. The condition of neonates 
usually improved when they had simple Ebstein's 
anomaly and seven are currently symptom free. 
Although five of 14 patients presenting as neonates 
have subsequently died, only one had an uncom- 
plicated lesion. In one case an incorrect diagnosis of 
pulmonary atresia was made, and because a duct 
dependent situation was assumed, oxygen treatment 
was not given. Thus no assistance уаз given to 
reduce pulmonary hypertension. 

Since operation for Ebstein's anomaly has been 
associated with a high mortality rate,!? operation has 
not been recommended unless patients have severe 
symptoms. Recent surgical results are better?° but 
there is still no indication to recommend early 
surgery when it is evident that many patients with 
this anomaly remain symptom free or have only mild 
symptoms for years. 

An association between the use of lithium carbon- 
ate during ‘pregnancy and Ebstein's anomaly has 
been герогтей.?! The mother of one of our infants 
had taken lithium. Ап association between maternal 
rubella and Ebstein's malformation has also been 
reported.?? 

Our series of six women with Ebstein's anomaly 
who had 12 pregnancies is large in comparison with 
the case reports??2* and small series 25 previously 
reported. Our experience confirms previous conclu- 
sions that women who are not cyanosed and have 
mild Ebstein's anomaly may successfully and safely 
complete a normal pregnancy. 
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Spectrum of congenital heart disease detected 
echocardiographically in prenatal life 
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SUMMARY ‘The spectrum of congenital heart disease seen in a series of 72 fetal anomalies detected 
echocardiographically differed from that seen in infancy. This reflects the selection of patients for 
referral for fetal echocardiography and the high rate of natural fetal loss that occurs when severe 
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cardiac defects are present. 


It was our impression, based on five years’ experi- 
ence of fetal echocardiography for the prenatal 
detection of congenital heart disease, that a higher 
proportion of the cases diagnosed in utero have had 
severe malformations than do cases presenting in 
infancy.!? Cardiac abnormalities seen at abortion 
and stillbirth are more severe than those diagnosed 
after birth.?^5 We have reviewed the spectrum of 
cardiac anomalies encountered in 72 fetuses with 
malformed hearts that were identified by echo- 
cardiography. 


Patients and methods 


Patients were referred for fetal echocardiography for 
the following reasons: a family history of congenital 
heart disease; exposure to a teratogen (such as lith- 
ium, phenytoin, or rubella) in early pregnancy; the 
detection of non-immune hydrops fetalis; fetal 
arrhythmia; or an extracardiac anomaly such as 
exomphalos, neural tube defects, or renal abnor- 
malities. Others were referred because a possible 
cardiac anomaly was reported at obstetric 
ultrasonography—usually because of an increase in 
the size of the heart or a failure to identify four 
cardiac chambers. 

Congenital heart diseases were classified in order 
of mmportance (Table 1). The dominant lesion in 
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each heart was selected by a modification of the 
methods proposed by Fyler et al! and Scott et al.” 
The nomenclature used is that of Tynan et ai.Ó 
Hearts with. more than one lesion were classified 
according to the more important lesion. Thus 
coarctation coexisting with a ventricular septal 
defect was classified as coarctation. In contrast, 


ТаЫе 1 Classification of congemtal heart disease by the 
dominant lesion in complex cases. ( Diagnoses are listed in 
decreasing order of importance.) 


————————— 


Absent atrioventricular connecton 

Double inlet atrioventricular connection р 

Atrioventricular discordance with ventriculoarterial discordance 
(congenitally corrected transposition) 

Hypoplasuc left heart syndrome 

"Truncus arteriosus 

Atrioventricular concordance with ventriculoarterial discordance 
(complete transposition) 

Interrupted aortic arch 

Atrioventricular septal defect 

Double outlet ventricle 

Coarctguon of aorta 

Absent pulmonary valve syndrome 

Ebstein’s anomaly 

Pulmonary atresia 

Tetralogy of Fallot 

Pulmonary stenoms 

Cor triatriatum 

Total anomalous pulmonary venous connection 

Aortopulmo: window 

Hypertrophic obstructive cardiomyopathy 

Aortic stenosis 

Persistent ductus arteriosus 

Pulmonary artery anomalies 

Atrioventricular valve anomalies 


Peripheral pulmonary stenosis 
Systemic arteriovenous fistula 
Pulmonary arteriovenous fistula 
Secundum atrial septal defect 
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coarctation and absence of the left atrioventricular 
connection, that is right atrium connected to a dom- 
inant left ventricle and with a discordant ventricu- 
loarterial connection was classified as absent left con- 
nection. Atrioventricular septal defect when it 
coexisted with double outlet right ventricle or pul- 
monary atresia was classified as atrioventricular sep- 
tal defect. Conversely, in cases where a common 
atrioventricular valve was committed predominantly 
to one ventricle (the other ventricle being rudi- 
mentary and hypoplastic) the constellation was 
coded as double inlet ventricle. We considered 
Ebstein’s anomaly to the more important lesion 
when it coexisted with pulmonary stenosis or atresia 
and have therefore placed it higher in the list than it 
appears in the series of Scott et al? and Fyler et al.’ 
Only one diagnosis was recorded for each case. The 
classification will underestimate the total frequency 
of conditions such as pulmonary stenosis, 
coarctation, or ventricular septal defect because they 
appear at the bottom of the list, even though they are 
common components of complex disease. 'T'his must 
be taken into account when our data are compared 
with others in which this classification was not used. 

In preparing our table of results (Table 2) we 


Table 2 Percentage distribution of heart disease in three 
series 





Diagnosis Brompton 


series 
(n = 1653) 


NERICP 
serias 
(п = 2381 


Ventricular septal defect 
Complete transposition 
Tetralogy of Fallot 


Hypoplastic left heart 

A t left atrioventricular 
connection 

Critical aortic stenosis or 
aortic atresia 2-7 11 19 

Atrioventricular septal 


Atrial septal defect — 
"Total anomalous pulmonary 

venous connection — 
Myocardial disesse 11 
Tricuspid atresia 2 
Double mlet 2 
Double outlet right 
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Corrected transpomtion of 
t arterics 


Patent ductus arteriosus* 
Atrial tsomerism* 


NERICP, New England Reglonal Infant Cardiac Program. 
*Excluded from Guy's series. ТА, 
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made some changes to the previous studies of heart 
disease in infancy.!? We did not include persistent 
patency of the arterial duct (ductus arteriosis) 
because this is a normal readily identifiable fetal 
structure. Atrial isomerism, which was present in 
nine of our cases, was not a primary diagnosis in any, 
and has also been omitted from the list. Absent left 
connection with double outlet right ventricle has 
been added to the list. We defined hypoplastic left 
heart syndrome as the combination of obstruction at 
the mitral and aortic valves. Isolated mitral atresia 
was designated as absent left connection and isolated 
aortic atresia as aortic atresia. Ebstein’s anomaly, 
interrupted aortic arch, and cardiac tumours have 
been added to the list. 

In the first part of our analysis we compared pre- 
natal diagnoses with those recognised in infancy by 
Fyler et al! and Scott et al.” In the second part we 
compared the diagnoses in our series with a series of 
cases identified at abortion? and in two stillbirth 
series.*5 The abortion series was compared directly 
with our series because the abnormalities recognised 
could be coded in the same way. This was not possi- 
ble for the stillbirth series. We therefore listed these 
cases according to the assigned diagnoses. 


Results 


A cardiac malformation was identified by fetal echo- 
cardiography in 72 fetuses. Sixty seven of these 
fetuses died. In all the malformation was confirmed 
at necropsy. There were 34 terminations of preg- 
nancy, 13 intrauterine deaths, and 20 neonatal 
deaths. There are five survivors, three have not yet 
been delivered and in two the diagnosis was 
confirmed by postnatal echocardiography and cath- 
eterisation and at operation. Of these two, one had 
complete transposition (the combination of concor- 
dant atrioventricular and discordant ventricu- 
loarterial connections) and опе had aortic 
coarctation. 

The diagnoses in the whole group were compared 
with the diagnoses of those presenting in the first 
year of life (Table 2). There are some obvious 
differences between the series. In our 72 cases there 
was a relative paucity of ventricular septal defects, 
pulmonary stenosis, atrial septal defect, and total 
anomalous pulmonary venous connection. There 
was also an excess of absent left atrioventricular con- 
nection, interrupted aortic arch, pulmonary atresia 
with intact spetum, atrioventricular septal defect, 
myocardial disease, Ebstein’s anomaly, and cardiac 
tumour in our series. 

Table 3 compares our series with a large stillbirth 
series* and a more recent stillbirth study.* There 
were more atrial and ventricular septal defects in the 
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Table 3 Comparison of frequency of congenital heart 
disease in fetal series and two stillbirth series 








Diagnosis ` Guy's Combined = Sullbirth 
series stillbirth series 
(и = series (1281)? 
(%) (n = 265° (%) 
%) 
Ventricular septal defect 97 347 321 
Complete 5:5 91 37 
Tetralogy of Fallot 83 84 8-6 
Interrupted 41 — — 
Coarctation 68 94 37 
Hypoplasuc left heart 555 3-0 TA 
Absent left connecnon 55 — 
Double inlet 27 64 25 
Tricuspid atresia 273 > 1-2 
Critical sortic stenosis 27 0-0 12 
Atrioventricular septal Р 
defect 138 68 6-2 
Pulmonary atresia, 
intact ventricular septum 68 1-1 74 
Atrial septal defect — 102 3-7 
41 — — 
Double outlet right 
ventricle 13 04 7-4 
Pulmonary stenosis — 11 — 
Myocardium 111 0-0 Hs 
Truncus arteriosus 13 60 37 
Ebstem's anomaly 56 — — 
us 13 64 112 





two stillbirth series and an excess of cases of inter- 
rupted aortic arch, absent left or right atrio- 
ventricular connection, atrioventricular septal 
defect, myocardial disease, Ebstein’s anomaly, and 
cardiac tumours in our series. 

Table 4 compares our series and a study of cases 
obtained from spontaneous abortions. There are 
fewer cases of tetralogy of Fallot, tricuspid atresia, 


Table 4 Comparison of frequency of congenital heart 
disease in fetal series and abortion series 





Diagnosis Guy's Abortion 
serves material 
t = 72) (п = 38) 
%) (%) 
Ventricular septal defect 9-7 104 
Complete transposition 55 27 
Tetralogy of Fallot 8-3 15-6 
Interrupted arch 41 53 
Coarctation 68 53 
Hypoplastic left heart 55 27 
Absent left atrioventricular connection 55 79 
Critical aortic stenosis 27 27 
Atrioventricular septal defect 138 10-4 
Pulmonary atresia, intact ventricular 
septum 68 — 
Total anomalous pulmonary venous 
connection — 2-7 
Myocardial disease 111 — 
Tricuspid atresia 27 79 
Double mlet 27 — 
Double outlet right ventricle 13 104 
Truncus arteriosus 13 2-7 
Ebstein’s anomaly 55 i cee a 
Tumour 41 — 
Corrected transposition of great arteries 13 5-3 
Others 13 79 
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and double outlet right ventricle in our series. Pul- 
monary atresia with intact ventricular septum, myo- 
cardial disease, Ebstein’s anomaly, and cardiac 
tumours were more common in our series. There 
was а notable similarity between the frequency of all 
septal defects and of left sided lesions in the two 
groups. 


Discussion 


Many of the differences between the series can be 


. accounted for by the selection of patients for referral 


for fetal echocardiography. Few mothers who have 
had children with mild heart disease (for example, 
septal defects or pulmonary stenosis) are referred for 
examination. Whereas mothers who have had a child 
who died of major congenital heart disease are more 
likely to be referred. 

Some defects are over-represented in our series as 
compared with all the other series. These are pul- 
monary atresia with intact septum, myocardial dis- 
ease, Ebstein’s anomaly, and cardiac tumours. In the 
fetus pulmonary atresia with intact septum and 
Ebstein’s anomaly both produce gross cardiac 
enlargement that is readily recognisable at routine 
ultrasonography. It is perhaps surprising that these 
defects were less commonly recognised in the series 


-of stillbirths and aborted fetuses, since of our nine 


cases with these two diagnoses, one resulted in spon- 
taneous.abortion and five in stillbirths. The high fre- 
quency of myocardial disease seen in our series is 
due to the selection of pregnancies where renal 
anomalies have been detected in the fetus. These 
cases have hypertrophic cardiomyopathy with echo- 
cardiographic evidence of obstruction to left ven- 
tricular outflow, such as midsystolic closure of the 
aortic valve and systolic anterior motion of the 
mitral valve. Hypertrophic cardiomyopathy has 
been reported in association with renal disease.’ 
Fetal cardiac tumours present with evidence of 
obstruction to cardiac output and intrauterine car- 
diac failure and two of our three cases died in utero. 
In one the pregnancy was terminated. This high 
incidence of fetal loss secondary to cardiac tumour 
may account for the rarity of this lesion after birth. 

Atrioventricular septal defect was more common 
in our series than it was after delivery. This also can 
partly be accounted for by the high rate of fetal loss. 
Of 12 cases with this diagnosis only two were associ- 
ated with chromosome anomalies. Six pregnancies 
were terminated, two cases died after birth, but four 
cases died in utero. This high rate of fetal loss was 


. also found-f the spontaneous abortion series, in 


which the frequency of atrioventricular septal 
defects resembled our results.? 
'The-greatest disparity in all the comparisons is 
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between the present series and the stillbirth series. 
This may be accounted for by differences in coding 
diagnosis or inaccuracy of diagnosis in the stillbirth 
series. If some of the ventricular septal defects 
reported in the stillbirth series were cases of tetral- 
ogy of Fallot or atrioventricular septal defect, the 
studies might become more similar. Because the 
abortion series and the two stillbirth series were 
reported by specialists in congenital heart disease, 
criteria for diagnosis and nomenclature are more 
likely to be consistent. Furthermore, they used the 
same coding system and thus differences between 
the series are likely to be real. The difficulties in 
comparing different series, however, emphasise the 
importance of an international, common nomen- 
clature and method of classification of diagnosis in 
congenital heart disease. 

In summary, there are major differences between 
the spectrum of congenital heart disease seen pre- 
natally and postnatally. Complex defects are more 
common prenatally. This is partly accounted for by 
the selection of patients for referral for fetal echo- 
cardiography but also perhaps by the unexpectedly 
high rate of fetal wastage when such defects are 
severe. An accurate picture of the true prevalence of 
congenital heart disease requires a large prospective 
study of an unselected series of pregnancies. Cases 
will be missed unless all fetuses are studied by echo- 
cardiography and are followed up postnatally by 
paediatric cardiologists; when abortion occurs the 
fetus must be expertly examined. The current sim- 
plicity and accuracy of fetal echocardiography? 


Allan, Crawford, Anderson, Tynan 


makes this by no means an impossible proposition. 


Dr Allan, Dr Crawford, and Professor Anderson are 
supported by the British Heart Foundation, the lat- 
ter in association with the Joseph Levy Foundation. 
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Descending aortography with balloon inflation 
A technique for evaluating the size of persistent ductus 
arteriosus in infants with large proximal left to right 


shunts 
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From the Department of Pediatrics, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi 


Arabia 


SUMMARY Six infants underwent angiography of the aortic root and the descending aorta with 
balloon inflation during diagnostic cardiac catheterisation and angiography. In these infants with 
large proximal left to right shunts, descending aortography with balloon inflation resulted їп 
better opacification of the persistent ductus arteriosus than aortic root angiography, thereby 
enabling accurate measurement of the persistent ductus arteriosus. Similar systemic and pul- 
monary vascular impedances had been speculated as the cause of poor or non-opacification of the 
ductus after ascending aortography. Balloon inflation may have altered the aortic impedance with 
resulting opacification of the ductus. Descending aortic angiography with balloon inflation is also 
useful in opacifying the isolated ductus and in demonstrating aortopulmonary collaterals in 


patients with pulmonary atresia. 


Persistent ductus arteriosus in patients with large 
ventricular septal defects predisposes to pulmonary 
vascular obstructive disease unless early inter- 
vention is carried out.!? Selective aortic root angio- 
graphy has, therefore, been recommended in all 
patients with large ventricular septal defect to diag- 
nose the presence of persistent ductus arteriosus.?? 
Rao er al^ and others? have previously shown that 
selective aortography does not uniformly detect the 
ductus in the presence of a large proximal shunt 
(ventricular septal defect or atrioventricular canal). 
We suggested that in this group of patients a persis- 
tent ductus might be diagnosed best by passing a 
catheter across the dutus arteriosus and specifically 
probing for it.* Although diagnosis can be made by 
passage of the catheter across the ductus, the size of 
the ductus cannot be assessed. The purpose of this 
study was to assess the ability of descending aor- 
tography with balloon inflation to determine the 
exact size of the persistent ductus arteriosus. 
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Patients and methods 


Six infants aged 2 to 8 months underwent diagnostic 
catheterisation and angiography for evaluating large 
ventricular septal defect and suspected additional 
ductus arteriosus. All but one had normally related 
great arteries; one had transposition of the great 
arteries. А common atrioventricular canal was 
present in one infant. A No 5 French gauge catheter 
with multiple side holes was advanced from the right 
ventricle into the ascending aorta via the ventricular 
defect. In the infant with transposition the catheter 
was advanced directly from the right ventricle into 
the ascending aorta. Renografin (76°), 1 ml/kg 
body weight, was injected over 1-5 s into the aortic 
root, while cineangiograms were recorded in the 
posteroanterior and lateral projections. The catheter 
was then replaced with a No 5 French gauge balloon 
angiographic catheter (with injection holes proxima! 
to the balloon) and was advanced from the main pul- 
monary artery into the descending aorta via the 
ductus. In the patient with transposition, the cath- 
eter was advanced from the ascending aorta into the 
descending aorta. The catheter tip was positioned in 
the mid-thoracic aorta, and the balloon was inflated 
with carbon dioxide during the initial phases of cine- 
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Fig.1 A selected cineagiographic frame from an aortogram in the lateral view (a). The catheter (С) has been 
advanced into the aorta ( Ao) from the right ventricle via ventricular septai defect. There was no visualisation of a 
ductus arteriosus on careful review of the cineangiogram. A cineangiographic frame that best opacifies the entire aorta 
was chosen for illustration. The same infant's descending aortogram (b) with the balloon ( B) inflated shows the 
persistent ductus arteriosus (PDA) clearly. The catheter had been advanced into the descending aorta ( DAo) from the 
main pulmonary artery through a PDA. 





Fig.2 4 cineangiographic frame from the lateral view of an aortogram (a) of an infant with transposition of the 
great arteries and a large ventricular septal defect. The catheter ( C) had been advanced into the ascending aorta ( Ao) 
directly from the right ventricle. Note the threadlike, small persistent ductus arteriosus (PDA). In the same infant the 
catheter had been advanced into the descending aorta ( DAo) and the balloon (В) was inflated during the initial phases 
of the angiography (6). Note the clear cut delineation of the PDA and pronounced opacification of the main pulmonary 
artery (MPA). 
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Fig.3 Aortogram (a) showing opacification of persistent ductus arteriosus (PDA). When a descending aortogram 
(b) was performed with the balloon (B) inflated, a large PDA with opacification of pulmonary arteries (PA) was 
seen. Note the discrepancy in the size of PDA between both aortograms. The course of the catheter (C) was similar to 
that described in Fig. 1. 


angiography while exactly the same amount of con- 
trast material was used as in the aortic root angio- 
graphy; the total calculated contrast material was 
injected over 1-5 s. Descending aortography was also 
recorded in the  posteroanterior and lateral 
projections. No complications were encountered 
during the procedure. 

To evaluate any adverse effects of balloon inflation 
in the descending aorta, aortic pressure (proximal to 
the balloon) and an electrocardiogram were recorded 
before and during balloon inflation in five other 
infants. 


Results 


During aortic root angiography faint or partial 
opacification of the persistent ductus occurred in 
four infants and no opacification in the remaining 
two. During descending aortic angiography the 
ductus arteriosus was opacified in all infants, was 
seen more clearly, and was much larger in each case 
(Figs. 1-3). The ductus was either not visualised or 
only partially visualised in the ascending aortic 
angiogram; in the descending aortic angiogram with 
the balloon inflated the size of the ductus could be 
clearly determined. 

The mean (SD) systolic pressure (90 (8) mm Hg) 
in the descending aorta proximal to the inflated bal- 


loon increased (110 (5) mm Hg) significantly 
(p<0-01) during balloon inflation, whereas the 
diastolic and mean blood pressures did not change 
significantly (p>0-1). A decrease in mean (SD 
heart rate (114 (7) to 96 (17) beats/min) was noted, 
but this difference did not attain statistical 
significance. In addition, no clinically detectable 
adverse side effects were noted either in these infants 
in whom both the aortic pressure and electro 
cardiogram were recorded during balloon inflation 
or in the infants in whom descending aortography 
with balloon inflation was performed. 


Discussion 


The possible explanations for non-opacification of a 
ductus arteriosus during aortic root angiography in 
patients with large proximal left to right shunts have 
been discussed elsewhere.** We looked at the known 
physiological determinants of left to right 
shunting—namely, pulmonary vascular resistance, 
the ratio of pulmonary vascular resistance to sys- 
temic vascular resistance, and the ratio of pulmonary 
artery pressure to aortic pressure—and found that 
these could not account for the non-opacification of 
a ductus arteriosus.* Many other physiological vari- 
ables determined at cardiac catheterisation and tech- 
nical aspects of angiography were scrutinised, but 
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none explained the phenomenon. Poor visualisation 
of the ductus during aortic root angiography may 
have been related to the small size of the catheter 
(No 5 French gauge) and the “small” dose (1 ml/kg) 
of contrast medium used. With regard to the size of 
the catheter: firstly, the infants were very young (2-8 
months) and their weight was low; but secondly, and 
more importantly, the calculated contrast material 
was delivered over 1-5 s. Furthermore, the 
descending aortography was also performed with a 
similar sized catheter. The amount of contrast mate- 
rial used (1 ml/kg) was comparable to that recom- 
mended for standard aortography (0:75 to 1-0 ml/kg) 
by several groups of workers in this field.* 7 Again, 
the same quantity of contrast material was used dur- 
ing descending aortography. For these reasons nei- 
ther the size of the catheter nor the amount of con- 
trast material used was responsible for faint or 
non-opacification of the ductus during aortic root 
angiography. We have speculated that the lack of 
difference in the vascular impedance (the instanta- 
neous pressure to flow relation) between the inter- 
connected circulations (systemic and pulmonary) 
may help explain the non-opacification of a ductus 
arteriosus.* In the present study, inflation of the bal- 
loon during angiography with a resulting increase in 


Fig.4 Descending aortograms with balloon inflation 
in patients with isolated persistent ductus arteriosus 
(PDA). Note the clzarly demonstrated size and 
shape of the PDA in each case. B, balloon; C, 
catheter; DAo, descending aorta; PA, pulmonary 
artery. 


the systemic pressure may have altered the aortic 
impedance, producing more complete opacification 
of the ductus arteriosus. 

Other methods of demonstrating ductus arte- 
riosus include aortography at the level of ductus 
after the catheter has been advanced from the pul- 
monary artery via the ductus into the aorta, retro- 
grade femoral artery catheterisation,? '^ aor- 
tography by countercurrent injection via the radial 
artery,'''? and transductal aortic arch angio- 
graphy.'*'* In my experience, aortography with the 
catheter positioned at the level of the ductus arte- 
riosus after having crossed it does not produce con- 
sistent visualisation of the ductus arteriosus. Despite 
recent advances in retrograde arterial catheterisation 
and countercurrent injection in small infants and 
children,'*!® these procedures are sometimes asso- 
ciated with complications апа technical 
difficulties.'* 2° Transductal aortic arch angio- 
graphy that Mardini and Rao previously 
described,'*!* although useful, did not produce as 
good an opacification of the ductus as did 
descending aortography with balloon inflation. This 
technique of descending aortography with balloon 
inflation is safe. When the aortic pressure and heart 
rate were recorded during balloon inflation there 


Descending aortography with balloon inflation 






was only a minimal increase in aortic systolic pres- 
sure proximal to the balloon and a slight, if any, 
decrease in heart rate. The latter is probably vagus 
mediated. No other complications were encoun- 
tered. Because of the safety and better visualisation 
of the ductus arteriosus, this technique is recom- 
mended for evaluating the size of the ductus arte- 
riosus in patients with large proximal left to right 
shunts. 


CLINICALAPPLICATIONS 

Encouraged by the results of descending aortic 
angiography with balloon inflation in demonstrating 
the size of the ductus arteriosus, I have since applied 
this technique to other lesions. Several patients with 
a clinical diagnosis of ductus arteriosus but with 
additional abnormal findings were studied to 
exclude any other associated cardiac defects. Figure 
4 shows several examples of descending aortograms 
with balloon inflation. The size and shape of the 
ductus were clearly visualised in these cine- 
angiograms. Such information is of great value dur- 
ing transcatheter closure of a persistent ductus.?* ?* 


Fig.5 An aortogram (a) showing opacification 
of several aortopulmonary collateral vessels 
Although many of these vessels are seen, there is no 
clear cut demonstration of these vessels. А 
descending aortogram (b) with balloon (В 
inflation clearly opacified several aortopulmonary 
collateral vessels. A somewhat delayed phase of 
this aortogram (с) shows the opacification of the 
left and right pulmonary arteries (LPA and 
RPA). 


I recommend descending aortography before trans 
catheter ductal closure so that an appropriate sized 
ductal plunging device can be chosen/prepared for 
ductal closure. 

It is important to evaluate the pulmonary arterial 
anatomy in patients with pulmonary atresia with 
ventricular septal defect (*pseudotruncus") and 
type IV truncus.?? ?? Figure 5a shows an aortic 
root angiogram with reasonable opacification of the 
collateral vessel supply to both lungs; but, as can be 
seen, the collateral vessels were clearly visualised 
when descending aortography was performed with 
balloon inflation (Fig. 5b). Furthermore, delayed 
opacification of the pulmonary arteries (Fig. 5c) was 
seen after descending aortography. I recommend 
descending aortography with balloon inflation for 
delineating the number, location, and size of the aor 
topulmonary collateral vessels in patients with pul 
monary atresia. This should be performed before 
selective catheterisation and contrast injection of 
these aortopulmonary collateral vessels 

In conclusion, descending aortography with bal 
loon inflation during the initial phase of the angio 
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graphy is a useful and safe technique for evaluating 
the size of the persistent ductus arteriosus in 
patients with large proximal left to right shunts. 
Other clinical applications, of this technique include 
clear cut opacification and anatomical delineation of 
the isolated ductus before transcatheter closure of 
the ductus and demonstration of aortopulmonary 
collateral vessels in patients with pulmonary atresia. 
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SUMMARY Any echocardiographic study of two children with hypothyroidism demonstrated the 
presence of asymmetric septal hypertrophy. One child died aged 11 months, and pronounced 
thickening of the interventricular septum was confirmed at necropsy. There was also hypertrophy 
of the left ventricular free wall. Histological examination showed only slight muscle fibre disarray, 
but there was striking vacuolation and hypertrophy of muscle fibres. In the second case, a child 
aged five years, the asymmetric septal hypertrophy disappeared after 18 months’ treatment with 
L-thyroxine. Furthermore, other indices of myocardial function also returned to normal. The 
mechanism producing asymmetric septal hypertrophy in hypothyroidism is unknown. These are 
the youngest cases in which this association has been reported. 


Pericardial effusions and pronounced abnormalities 
in left ventricular function have been demonstrated 
in hypothyroid adults by echocardiography.!? Fur- 
thermore, Santos etal have described patterns of 
asymmetric thickening or hypertrophy of the inter- 
ventricular septum and other features compatible 
with hypertrophic obstructive cardiomyopathy in 
adults with long standing hypothyroidism.? These 
abnormalities were reversed after treatment with 
thyroid hormone. In the first reported echo- 
cardiographic study of 15 hypothyroid children, 
Hayford et al found no appreciable abnormality in 
cardiac chamber or myocardial dimensions, systolic 
time intervals, or indices of myocardial contractility 
compared with a normal population. Both Nose 
etal and Farooki etal, however, found prolonged 
systolic time intervals in children with primary hy- 
pothyroidism, and these indices became normal with 
treatment.?? Finally, in a recent study of 12 babies 
with congenital hypothyroidism, left ventricular 
systolic and diastolic dimensions, posterior wall 
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thickness, and end diastolic and systolic volumes 
were all lower than normal.' 

We describe two children with hypothyroidism 
who had echocardiographic features of asymmetric 
septal hypertrophy. As far as we are aware they are 
the youngest patients in whom this abnormality has 
been reported. Asymmetric septal hypertrophy was 
confirmed at necropsy in one infant. In the surviving 
patient the abnormality had disappeared 18 months 
after the start of thyroid treatment. 


Case reports 


СА$Е 1 

An 11 month old female infant (weight 5-6 kg, length 
60 cm, below 3rd percentile) was admitted to hospi- 
tal because of constipation, lethargy, and poor feed- 
ing. She was the second child of normal unrelated 
parents and had been delivered vaginally at another 
hospital after an uneventful pregnancy. She had all 
the clinical features of severe myxoedema including 
a large tongue, distended abdomen, and dry scaly 
skin. She cried poorly, had never smiled, and had 
never attempted to sit. The heart rate was 88 beats 
per minute and all the pulses were palpable. On aus- 
cultation of the heart, a grade 2/6 high-pitched ejec- 
tion systolic murmur was heard loudest at the third 
and fourth left intercostal spaces. The liver edge was 
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Table 1 Thyroid function studies 
Case 1 Case 2 

Before After 3 months Normal 

treatment of L-thyroxine values 
Truodothyromme uptake (96) 26 22 
Total thyroxine (nmol/l) 14 19 60-150 
T7 index 4 0 33 17-60 
Free thyroxine index 1 02 5-12 
Total truodothyronine (nmol/l) 16 08-35 
Free thyroxine (pmol/l) 222 10-25 
Thyroid sumulating hormone 

(uTU/ml) 705 448 29 15-8 





D 


palpable 4 cm below the right costal margin. The 
lungs were clinically normal. The haemoglobin con- 
centration was 8 1 g/dl. 
' Bone age was appreciably less than normal with 
no epiphyses in the humeral heads or the carpal 
bones. A chest x ray examination showed a cardio- 
thoracic ratio of 0-6 in a hyperinflated chest. The 
vascularity of the lungs was normal. The electró- 
cardiogram showed a mean frontal QRS axis of 
+90° and voltages were generally low. A positive 

“mosque” sign® was ‘present in the right precordial 
leads (rounded symmetrical T waves), while the left 
precordial leads showed inverted T waves. Thyroid 
function tests (Table 1) confirmed the diagnosis of 
hypothyroidism. 

'The M mode echocardiogram showed asymmetric 


'Table2  Echocardiographic measurements (М mode) 


Dn 


hypertrophy of the interventricular septum with а 
ventricular septal left ventricular posterior wall ratio 


“Of 2:1, and a septal thickness of 10 mm (Table 2). 
Systolic anterior motion of the mitral valve was seen. 


There was also evidence of a pericardial effusion 
(Fig. 1). Aortic valve motion was normal. 

L-thyroxine (0-025 mg daily) was started on the 
day after admission. Nasogastric tube feeds were 
started. She collapsed suddenly 24 hours later and 
had a cardiorespiratory arrest. Resuscitation was un- 
successful. 

Necropsy findings A small fibrosed thyroid gland 
was present in the usual position. Microscopically 
this gland consisted mainly of fibrous tissue with a 
few haphazardly interspersed small follicles. The 
pericardial sac contained 50 ml of clear straw col- 





Case 1 Case 2 
Before After 6 months After 18 months 
treatment of L-thyroxine of L-thyroxtne 
Heart rate (beats/min) 130 88 115 100 
Interventricular septum (пип) 10 8 65 55 
(3-7) (4-8) (4-8) (4-8) 
LVPW (mm) 5 5 5 5 
(2 5-6 5) (3 5-7 5) (35-75) (3 5-7 5) 
Sepral. LVPW 20 16 13 11 
E (<13) (<13) (<13) (<13) 
LVPEP (ma) 75 111 62 70 
(47-79) (60-91) (52-83) (56-87) 
LVET (ms) 5 240 . 260 
(171-257) (231-318) . (191—278) (211-298) 
LVPEPÍLVET 0 36 046 027 027 
` Е (0-29—0 39) (0 29-0 39) (0-29-0 39) (0 29-0 39) 
LVSF (9$) 59 65 . 52 35 
(24—46) (24—46) (24—46) (24-46) 
УСЕ (circ/s) (mean (SE)) 28 27 226 135 
. (1 34 (0 03)) (1 34 (0 03)) (1 34 (0 03)) (1:35 (0 03)) 
Isovolumic contraction period — 61 20 25 
(mean (SD) (ms)) (33 (7)) (33 (Ту) (33 (2) 





LVWP, left ventricular posterior wall; LVPEP, left ventricular pre-eyection period; LVET, left ventricular ejection time; LVSF, left 
ventricular shortening fracuon, УСЕ, "velocity of circumferenual fibre shortening. 
Numbers in parentheses ate normal values from Latson and Gutgesell,? with the exception of VCF and isovolumic contraction period 


which are from Goldberg etal’? and Meyer!! respectively. 
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Asymmetric septal hypertrophy and hypothyroidism in children 








Fig. 1 


M mode echocardiogram in case 1 showing 
pronounced thickening of the interventricular septum (IVS), 
systolic anterior motion of the mitral valve (straight arrow), 
and a pericardial effusion (curved arrow). 


oured fluid. The heart weighed 66 g (normal (SD) 44 
(8)g). This increase in weight was caused by gross 
asymmetric hypertrophy of the interventricular sep- 
tum (thickness 10 mm) which merged gradually 
with thickened left ventricular walls. The septal 
muscle bulged into the outflow tract of the left ven- 
tricle, and the ventricular cavity was small and dis- 
torted (Fig. 2). The papillary muscles were large 
with rounded tips. There was a band of endocardial 
thickening beneath the aortic valve. The right ven- 
tricular wall was only 2 mm thick. Elsewhere in the 
heart the endocardium was normal. The septum 
bulged slightly into the right ventricular outflow 
tract but the free wall of the right ventricle was not 
affected. The heart valves and coronary arteries were 
normal. 

The microscopic abnormalities were most pro- 
nounced in the interventricular septum. The muscle 
fibres were moderately hypertrophied and there was 
focal interstitial fibrosis. There were occasional focal 
areas that showed shortening and abnormal inter- 
digitations of the fibres (Fig. 3a). Thus there was 
evidence of slight muscle fibre disarray. There was, 
however, extensive vascuolation of the muscle fibres 
and there were foci of tissue in both anterior and 
posterior left ventricular walls showing this abnor- 
mality (Fig. 3b). The abnormal areas were mingled 
closely with areas of tissue with normal histological 
appearance. No inflammatory reaction was present 
and stains for mucopolysaccharides were negative. 


CASE 2 
A five year old girl was admitted to hospital because 
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of short stature. She had a history of constipation 

The child was pale and had been investigated for 
anaemia at 1 year of age. She weighed 13 kg and she 
was 88:5 cm tall (3rd percentile). Her heart rate was 
82 beats per min. She had a sallow and dry skin and 
looked myxoedematous. There was hypertelorism 
and a flattened bridge to her nose. The thyroid gland 
was not palpable. The heart and chest were normal 

Her abdomen protruded and she was very consti- 
pated. No visceromegaly was noted. Tendon reflexes 
were all present and equal but there was pronounced 
slowing of the recovery phase. Chest x ray exam 

ination showed a heart of normal size and clear lung 
fields. The electrocardiogram showed a frontal ORS 
axis of + 150°; a positive “mosque” sign, and rather 
flattened ST-T wave segments. Thyroid function 
tests confirmed hypothyroidism (see Table 1). The 
serum cholesterol concentration was 12:03 mmol/l 
(normal 3.12-6.76 mmol/l) and microsomal anti 

bodies 1:400. Bone age was 18 months on radio 





Р "m. 


Fig.2 Morphological appearance of left ventricle (opened 
in case 1 showing pronounced hypertrophy of the 
interventricular septum and a thickened left ventricular wali 
Probe is under the posterior leaflet of the mitral valve. Apex 
of the left ventricle has been cut in cross section. 
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trophy. There was no systolic anterior motion of the 
mitral valve, no abnormalities of aortic valve motion, 
and no pericardial effusion. 

Initially a dose of 0-05 mg L-thyroxine was given, 








ил 


e and this was later increased to 0-1 mg daily. Thyroid 
US function had become normal three months after the 
vx start of treatment (Table 1). 

r A repeat echocardiogram after six months' treat- 
235 ment showed that the septal to posterior wall ratio 
t. had fallen to 1-2:1 (to within normal limits) and the 
C septal thickness was now within one standard devi- 


ation of the normal mean. There was still hyper- 
dynamic ventricular contractility, however, with a 
shortening fraction of 0-52 and a velocity of circum- 
ferential fibre shortening of 2-26 circ/s. These values 
and the left ventricular systolic time intervals be- 
came normal 18 months after the start of treatment 
(Table 2). 
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Discussion 
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The two cases we describe suggest that hypo- 
thyroidism may be associated with asymmetric sep- 


[q^ 2a $ 4'.! tal hypertrophy. Until the recent report by Farooki 
a j 29% en „© ў "ух Pi Ju etal we believed them to be the first cases to be 
swe к» УА 73:7 о) bor.” ; $ 6 A ; А 

g e у реу (we «4 & “|, described in children.^ Their two patients with 
хов" ft Д a Ü БФ <. А wr b t. LN "à asymmetric septal hypertrophy and hypothyroidism 

+5 ў jj N ir ip ЖУЗДУ ЗА LÀ were much older than ours (8% and 10 years). Our 
і 1722 } ү )«2 RES yr” q P |+ findings and theirs accord with those of Santos er al 
find eee К QE ees VE, A Fe, ; 11. who reported similar features in adults.* The fact 
CT ТУ, bf j -95t > > Ay 2%, ^ that Hayford eral did not demonstrate cardio- 
v LAB ШУ E E Pw d "y Ku iA myopathy in children may be related to the duration 

"y ade oum u^ farte Á ^y Å - 
k >» Г. NV 62° и rite 
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Fig. З Photomicrographs in case 1 of (a) interventricular 
septal myocardium showing abnormal arrangement of muscle 
fibres (haematoxylin and eosin x 132 (original 
magnification). (b) Myocardium from interventricular 
septum showing extensive intracytoplasmic vacuolation. 
(Haematoxylin and eosin x 532) (original magnification). 


logical assessment. The haemoglobin concentration 
was 10:4 g/dl. 

An M mode echocardiogram (Fig. 4) showed a 
disproportionately thickened septum with a septum 
to posterior wall ratio of 1:6:1. The septum was 8 ) 
mm thick (normal mean 6 mm; range 4-8 mm). Ж PAN 
There was pronounced hypercontractility of the left ae > 
ventricle with a shortening fraction of 0:65 and a ^ Li "NN 
velocity of circumferential fibre shortening of 2:7 Kj Re Jp hs €. 
circ/s. On the other hand, the left ventricular sys- £29 lind MOCKS Mee ТЕТ, 
tolic time interv al — prolonged—that is the ratio of Fig4 М mode echocardiogram in case 2 showing thickened 
the pre-ejection period to ejection time Was iN- interventricular septum (straight arrows) compared with the 
creased." !! Cross sectional echocardiography еу: ventricular posterior wall ( PW’). Mitral valve motion is 
confirmed the presence of asymmetric septal hyper- normal. 














Asymmetric septal hypertrophy and hypothyroidism in children 


of the hypothyroidism before cardiac function was 
studied.* Of their four cases with congenital hypo- 
thyroidism, three were less than 6 months of age, 
while the fourth was 1 year old. Our first case had 
clearly been hypothyroid from birth (11 months) 
and in the second case hypothyroidism may also 
have been present from, or shortly after, birth. 

Another interesting echocardiographic finding in 
our surviving patient was that despite the rapid ve- 
locity of circumferential fibre shortening there was a 
prolonged left ventricular systolic time interval 
which shortened with thyroxine treatment. This ac- 
cords with the reports of Nose et al and Farooki et al, 
who also noted prolonged left ventricular systolic 
time intervals in their hypothyroidic children that 
reversed with treatment.?9 

Pericardial effusion, which was present in the pa- 
tent who died, is a recognised feature in hypo- 
thyroidism in both adults and children.'*® But there 
were no specific microscopic changes warranting a 
diagnosis of myxoedematous heart disease.!? Vacu- 
olation of muscle fibres, which was the most pro- 
nounced histological abnormality noted in our 
patient, has been reported in adults dying of hypo- 
thyroidism.!? The following microscopic abnormal- 
ities are generally considered to be those that are 
most typical of hypertrophic obstructive 
cardiomyopathy—short runs of fibres interrupted 
by connective tissue, large bizarre nuclei, fibrosis, 
degenerating muscle with disappearing myofibrils, 
and disorganised ‘“‘whorling” muscle (muscle fibre 
disarray).!?!^ None of these abnormalities was 
readily seen in our first case. Thus it is unlikely that 
the asymmetric septal hypertrophy in this infant can 
be attributed to an intrinsic hypertrophic obstruc- 
tive cardiomyopathy. Nevertheless, the findings of 
systolic anterior motion of the mitral valve on the 
echocardiogram and of a band of endocardial thick- 
ening beneath the aortic valve at necropsy provide 
evidence that the patient did indeed have dynamic 
subaortic stenosis. This might also explain the ori- 
gin of the high pitched ejection systolic murmur in 
this child. 

Both hyperthyroidism and hypothyroidism may 
result in asymmetric septal hypertrophy of the inter- 
ventricular septum. In the early 1970s three cases of 
hypertrophic cardiomyopathy and hyperthyroidism 
were described,!5 and it was postulated that hyper- 
thyroidism might act as a stimulus to produce exces- 
sive cardiac hypertrophy. Olsen etal administered 
triiodoacetic acid (Triac), a thyroxine analogue, to 
pregnant rats and induced electronmicroscopic 
changes typical of hypertrophic cardiomyopathy in 
the fetal but not in the maternal heart.!$ The mech- 
anism of action of Triac was not known. As result of 
these studies it was suggested that thyroid function 
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should be assessed in patients with obscure forms of 
cardiac disease. Thyroid disease has been detected 
in 13% of 31 patients with hypertrophic obstructive 
cardiomyopathy.!? Recently, in vitro experiments 
with triiodothyronine on isolated fetal mouse hearts 
in organ culture have been carried out. It was con- 
cluded that thyroid hormone directly stimulates car- 
diac protein synthesis and thus causes cardiac 
hypertrophy ın the absence of major haemodynamic 
alterations.!? 

Paradoxically, Santos et al found asymmetric sep- 
tal hypertrophy (by M mode echocardiography) їп 
17 of 19 adult patients with untreated hypo- 
thyroidism.? Some of the additional findings were 
similar to the echocardiographic features of idio- 
pathic hypertrophic subaortic stenosis—for exam- 
ple, systolic anterior motion of the mutral valve. 
These abnormalities resolved in 10 patients when 
they became euthyroid on L-thyroxine treatment. 
'The mechanism for the production of these changes 
is not known. 

'The findings in our two patients suggest that, as 
with adults, asymmetric septal hypertrophy can oc- 
cur in some children with hypothyroidism, and that 
it may be reversible with treatment. Indeed, this is 
borne out by the recent report of Farooki et al who 
found asymmetric septal hypertrophy in two of 11 
hypothyroid children. We therefore recommend 
that echocardiography should be carried out rou- 
tinely in all babies and children with hypo- 
thyroidism, both before and during L-thyroxine 
replacement treatment. 
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Cardiac hypertrophy, hypertrophic cardiomyopathy, 
and hyperparathyroidism—an association 


C SYMONS, F FORTUNE, RA GREENBAUM, PDANDONA 
From the Departments of Cardiology and Human Metabolism, the Royal Free Hospital, London 


SUMMARY Left ventricular hypertrophy (symmetric, asymmetric, or hypertrophic cardio- 
myopathy) is an almost invariable accompaniment of primary hyperparathyroidism. Five of 18 
patients with hypertrophic cardiomyopathy had raised serum concentrations of parathyroid hor- 
mone with normal serum calcium concentrations. Left ventricular hypertrophy did not occur in 
any of the six patients with hypercalcaemia alone. These relations suggest that parathyroid 
hormone rather than a rise in the extracellular calcium concentration is associated with a spectrum 
of left ventricular hypertrophy. 

All patients with increased circulating parathyroid hormone concentrations should have echo- 
cardiographic examination of the left ventricle. Conversely, parathyroid hormone concentrations 
should be measured in all patients with left ventricular hypertrophy from an unknown cause, 


especially those with hypertrophic cardiomyopathy. 


Calcium has powerful positive inotropic and chro- 
notropic effects on cardiac muscle.! Any factor that 
promotes transmembrane calcium flux could be 
involved in the pathogenesis of cardiac hyper- 
trophy.? Prompted by the discovery that left ventric- 
ular hypertrophy (symmetric, asymmetric, or hyper- 
trophic cardiomyopathy) is often found in our 
patients with primary hyperparathyroidism, we have 
attempted to identify further cases of primary hyper- 
parathyroidism and also to determine whether hor- 
mone and calcium concentrations were altered in 
patients with hypertrophic cardiomyopathy. We also 
studied patients with hypercalcaemia due to causes 
other than hyperparathyroidism. 


Patents and methods 


Forty patients were studied (aged 24-80, mean 63; 
15 men, 25 women). Twenty two had been fully 
investigated because of hypercalcaemia in the meta- 
bolic and general medical wards of this hospital at 
some time during the past two years. (No patient 
with a blood pressure > 150/90 mm Hg was 
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included.) Sixteen of these patients were found to 
have primary hyperparathyroidism and six of these 
had had operations to remove either a parathyroid 
adenoma or a hyperplastic gland. The remaining six 
of the 22 patients were hypercalcaemic from causes 
other than hyperparathyroidism. In all six patients 
the concentration of serum calcium had been raised 
on several occasions for at least two years and no 
associated malignancy had been disclosed. We also 
studied 18 patients with hypertrophic cardio- 
myopathy diagnosed by echocardiography and, in 
some cases, angiography. 


ECHOCARDIOGRAPHY 

M mode echocardiograms were recorded with an 
Irex IIIB ultrasonoscope (frequency 2-25 MHz, rep- 
etition rate 1000/s). The output was displayed on a 
strip recorder at a paper speed of 100 mm/s with a 
simultaneous electrocardiogram. Records were 
taken with the patient in the left lateral position. 
Echocardiograms were recorded just above the level 
of the tips of the mitral valve cusps so that movement 
of the cusps could be observed. Care was taken to 
produce clear continuous endocardial echoes. Addi- 
tional views were recorded to show the aortic and 
mitral valves. All procedures were performed by one 
observer (RAG) without knowledge of the patient’s 
biochemical status. The following measurements 
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Table 1 Echocardtographic data (mean (1SD)) for 40 study patients 








Variable Hoypercalcaemia Hypertrophic 
сат 
Hyperparathyroidism (n= 16) M (n 18) 
a= 
МІУ (п=1) SLVH (n=6) ASH (п=4) HCM (n=5) 
LV posterior wall (mm) 10 17 (4) 9 (1) 15 (4) 10 (2) 14 (5) 
ІУ septal thickness (mm) 10 17 (5) 19 (4) 22 (7) 11 (1) 20 (6) 
LV septal.PW thickness ratio 1 102) 22 (02) 15 (02) 12 (0-3) 1-5 (04) 
LV End systolic dimension (mm) 28 24 (4) 25 (7) 21 (6) (5) 23 (5) 
Septum to mitral valve (mm) at 
onset of systole 28 23 (4) 26 (5) 21 (2) 26 (3) 22 (7) 
SAM (%) 0 0 0 20 0 
Premature AV closure (%) 0 0 0 20 0 11 


*Normal parathyroid functions. NLV, normal left ventricular dimensions, SLVH, symmetric left ventricular hypertrophy; ASH, 
asymmetric septal hypertrophy; HCM, hypertrophic cardiomyopathy; LV, left ventricle; AV, aortic valve; SAM, systolic anterior 


monon of the mitral valve, PW, posterior wall. 


were obtained over five cycles and a mean value was 
calculated: (a) End diastolic posterior wall thickness 
and septal thickness were estimated at the onset of 
the Q wave. A posterior wall thickness of > 10 5 mm 
and a septal thickness of >11 mm at end diastole 
were regarded as abnormal as was a septal to poste- 
rior wall ratio of > 1:3:1. (b) Left ventricular cavity 
dimension was estimated at end systole—that is the 
minimum dimension. (c) The distance from the 
endocardial surface of the septum to the mitral valve 
at the onset of systole was estimated. (d) The pres- 
ence or absence of systolic anterior motion of the 
mutral valve and mid-systolic closure of the aortic 
valve were noted. 

Echocardiograms were classified as normal, sym- 
metric left ventricular hypertrophy, asymmetric 
hypertrophy, or hypertrophic cardiomyopathy 
according to the criteria of Gibson et af and Doi 
et al.* 

None of the patients had clinical or echo- 
cardiographic evidence of valvar heart disease. 


OTHERINVESTIGATIONS 

Plasma calcium, phosphate, alkaline phosphatase, 
urea, electrolytes, and creatinine were measured on 
a SMAC Technician AutoAnalyzer. Serum para- 
thyroid hormone concentration was measured by a 


radioimmuroassay (Immunonuclear Co-operative 
Corporatior, Stillwater, Minnesota, USA) with an 
antibody specific for the mid-molecular peptide of 
parathyroid hormone. In our hands the sensitivity of 
this assay is 10 pmol/l and intra-assay variation is less 
than 10%. This assay method is based on that 
described by Roos et ai.5 The normal reference 
range for parathyroid hormone in our laboratory is 
20-85 pmol/l. The biochemical results for this study 
were those recorded at the time of the diagnosis of 
each patient. 


Results 


In all patients with hypertrophic cardiomyopathy 
the posterior wall was > 8 mm thick and the septum 
was > 15 mm. Patients with symmetric left ventric- 
ular hypertrophy also had posterior wall and septal 
thickness greater than 13 mm. Patients with asym- 
metric septal hypertrophy had a posterior wall thick- 
ness greater than 7 mm but a septal thickness of 
greater then 12 mm. Table 1 gives details of all mea- 
surements. 

Table 2 shows biochemical data for all 22 patients 
presenting with hypercalcaemia. There were two 
groups of patients: those in whom parathyroid hor- 
mone concentration was raised and those in whom it 


Table 2 Biochemical data (mean (18D)) 1n 22 patients presenting with hypercalcaema 


Calaum (mmol/l) Phosphate ( mriol[l) AP (IUJ) PTH* (pmol/l) 
Hypercalcaemic with raised PTH (n= 16) 
Normal LV dimensions 
(n=1) 294 088 160 260 
Hypertrophic cardiomyopathy 
(n=5) 2-96 (0 35) 0 89 (0 13) 110 (41) 220 (100-1000) 
tric septal hypertrophy 
nm 4) 2-98 (0 15) 0-8 (0-25) 170 (110) 300 (160—420) 
Symmetnc LV hypertrophy 
(и := б) 297 (033) 0-79 (0 14) 110 (80) 320 (140-1000) 
Hypercalcaemic with normal 
concentration (n= 6) 273 (0 09) 0 83 (008) 71 (26) 55 (40—70) 


*Median (range). AP, alkaline phosphatase; LV, left ventricle; PTH, parathyroid hormone 


Cardiac hypertrophy, hypertrophic cardiomyopathy, and hyperparathyroidism—an association 


541 


Table 3 Biochemical data (mean (1SD)) tn 18 patients presenting uth hypertrophic cardiomyopathy 


Calaum (mmol/l) 


decr p normal PTH concentration 

n=13 

Patents with rused PTH concentrauon 
(0-5) 


243 (012) 
2 37 (0 08) 


Phosphate (mmol/l) AP (IUJI) PTH* (pmol]l) 
107 (0-12) 74 (18) 50 (25-77) 
114 (013) 94 (52) 135 (89-350) 


*Median (range) AP, alkaline phosphatase, PTH, serum parathyroid hormone. 


was normal. 

Of 16 patients with primary hyperparathyroidism, 
five had hypertrophic cardiomyopathy, six had sym- 
metric left ventricular hypertrophy, and four had 
asymmetric septal hypertrophy. One patient had 
no echocardiographic abnormalities. No есһо- 
cardiographic abnormality was seen in any of the 
six hypercalcaemic patients without hyper- 
parathyroidism. 

Parathyroid hormone concentration was raised in 
five of the 18 patients with hypertrophic cardio- 
myopathy. None of the patients had hypercalcaemic, 
hyperphosphataemic, or renal failure to explain the 
increase in parathyroid hormone concentratiion 
(Fable 3). 

In patients with primary hyperparathyroidism, 
serum concentratioins of calcium, phosphate, alka- 
line phosphatase, and parathyroid hormone were 
similar in those with hypertrophic cardiomyopathy, 
symmetric left ventricular hypertrophy, or asym- 
metric septal hypertrophy. 


Discussion 


Our data show that primary hyperparathyroidism is 
almost invariably associated with left ventricular 
hypertrophy in its various forms. Five of sixteen 
patients with hyperparathyroidism had hyper- 
trophic cardiomyopathy. We found no echo- 
cardiographic evidence of myocardial hypertrophy 
in patients with hypercalcaemia due to causes other 
than primary hyperparathyroidism; all patients in 
this group had low or non-detectable serum concen- 
trations of parathyroid hormone. McFarland et al 
have suggested that hypertrophic cardiomyopathy 
may be related to the prolonged stimulus provided 
by hypercalcaemia.? From our study, it seems that 
myocardial hypertrophy (including hypertrophic 
cardiomyopathy) is primarily associated with para- 
thyroid hormone itself and not with a raised concen- 
tration of extracellular calcium. 

The high frequency of increased parathyroid hor- 
mone concentrations in patients who presented with 
clinical and echocardiographic features of hyper- 
trophic cardiomyopathy, suggests an association 
between raised concentrations of this hormone and 


hypertrophic disease. Five of 18 patients with hyper- 
trophic cardiomyopathy had increased serum con- 
centrations of parathyroid hormone with normal 
serum concentrations of calcium and phosphate and 
no renal failure. Аз far as is known, the mid- 
molecular assay is specific for parathyroid hormone 
but we cannot exclude the possibility that the 1mmu- 
noassay was detecting some similar but distinct pep- 
tide with a direct effect on cardiac muscle calcium 
flux. The high frequency of raised serum concen- 
trations of parathyroid hormone in our patients with 
hypertrophic cardiomyopathy contrasts with the 
results of McFarland et al who found raised hor- 
mione concentrations in only two of 32 cases of 
hypertrophic cardiomyopathy.? This difference may 
have been due to the different assays used in the two 
studies. 

Parathyroid hormone has a positive chronotropic 
effect on myocardial cells in culture and its action 1s 
mimicked by calcium ionophore and blocked by 
verapamil.” In hamsters with congenital myopathy 
there was an increase in intracellular calcium con- 
centrations іп skeletal muscle; after para- 
thyroidectomy the intracellular calcium concen- 
tration fell and myopathy 1mproved.* Parathyroid 
hormone has also been shown to have a positive 
inotropic effect on the rat heart at physiological con- 
centrations.? Since this action is also blocked by 
verapamil, it must be directly related to the move- 
ment of calcium into the myocardial cell. These 
experimental data indicate that parathyroid hormone 
has a direct effect on the myocardium which is medi- 
ated by an influx of calcium. Such positive chro- 
notropic and inotropic effects are consistent with the 
possibility that in the long term the maintenance of 
high concentrations of parathyroid hormone may 
result in cardiac hypertrophy. Hypertrophy and dis- 
array of the cardiac muscle fibril, identical to that 
seen in hypertropic cardiomyopathy, has been pro- 
duced experimentally by substances which disturb 
membrane stability, such as triac and calcium iono- 
phore,?*° and parathyroid hormone could act in a 
similar way. The time that has elapsed since some of 
our patients had parathyroidectomy is not sufficient 
to assess whether myocardial hypertrophy has 
regressed. Clinical evidence suggests that 
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improvement will occur." Experiments aimed at 
investigating the structure and function of the myo- 
cardium using a parathyroid hormone stimulus are 
underway in our laboratory and are designed to 
define both the mode of action of the hormone and 
to build a model of increasing ventricular hyper- 
trophy. 

Our data indicate that all patients with hyper- 
parathyroidism should be examined by echo- 
cardiography so that the presence of myocardial 
hypertrophy will not be missed. Conversely, serum 
concentrations of parathyroid hormone should be 
measured in all patients with left ventricular hyper- 
trophy from an unknown cause, (especially those 
with hypertrophic cardiomyopathy) so that any 
parathyroid abnormality can be treated. Most of our 
patients with raised serum parathyroid hormone 
concentrations had normal electrocardiograms and 
none was hypertensive. Females predominated in 
the present series and this may be because of the 
small numbers of patients studied. 

In conclusion, an association between cardiac 
hypertrophy (symmetric, asymmetric, and hyper- 
trophic cardiomyopathy) and an increased concen- 
tration of parathyroid hormone has been demon- 
strated that is independent of hypercalcaemia. For 
the first time a pattern of cardiac muscle hypertrophy 
clearly related to an hormonal abnormality has been 
shown to occur. This adds another dimension to the 
understanding of a possible cause of idiopathic ven- 
tricular hypertrophy and even suggests that hyper- 
trophic cardiomyopathy could be one form of end 
stage exuberant cardiac muscle hypertrophy. Fur- 
ther elucidation of the role and nature of parathyroid 
hormone in relation to ventricular hypertrophy and 
of a causal link between hyperparathyroidism and all 
forms of ventricular hypertrophy, including hyper- 
trophic cardiomyopathy, is awaited. 


Symons, Fortune, Greenbaum, Dandona 
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Hypertrophic cardiomyopathy associated with a 
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SUMMARY Structurally abnormal mitochondria were found in skeletal muscle cells from a woman 
with hypertrophic cardiomyopathy and myopathy of voluntary muscles associated with congenital 
cataracts. Moderate exercise resulted in lactic acidosis. Oxidation of pyruvate and other substrates 
and the production of adenosine triphosphate were normal in vitro. À younger brother of the 
patient had had congenital cataract and had died from hypertrophic obstructive cardiomyopathy. 


The concurrent occurrence of pathological changes 
in both heart and skeletal muscle is a feature of 
several inherited diseases such as Duchenne and 
Becker muscular dystrophies. The heart and volun- 
tary muscles are also both affected in several diseases 
with a well defined enzyme deficiency, such as 
Pompe's disease, and in other diseases in which the 
molecular defect is unknown. 

Ten years ago we described seven patients from 
three unrelated families who had hypertrophic car- 
diomyopathy and a mitochondrial myopathy of skel- 
etal muscle.! They had associated symptoms of con- 
genital cataracts and exercise related lactic acidosis. 
The syndrome is now registered as an inherited dis- 
ease 21235 on the McKusick register.? Recently we 
had the opportunity to study two other patients from 
one family who had this syndrome. On this occasion 
we are able to perform biochemical studies on skele- 
tal muscle tissue from one of the patients. 


Case reports 


PATIENT I 


This woman of-33 was the third of five children of Я 


healthy non-consanguineous parents. Within a few 
weeks of birth, bilateral cataracts were identified. 
These were surgically removed when she was 6 
months old. She always became very tired during 
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exercise and she could never compete physically with 
her peers. At the age of 25 years she was first admit- 


- ted to our hospital for cardiological examination 


because her brother had died from a cardio- 
myopathy. Her other sibs were healthy. She was 
known to have had a heart murmur for about 20 
years. Her exercise tolerance worsened with activity, 
but did not change consistently with time of day, 
food intake, or menstrual cycle. She denied 
progression of her exercise intolerance, and also had 
no dysarthria, dysphagia, diplopia, muscle cramps, 
fasciculations, or myotonia. She did not drink alco- 
hol to excess or take drugs, other than the occasional 
aspirin. General examination at the age of 33 years 
was unremarkable except for moderate obesity 
(height 160 cm, weight 50 kg). She was visually 
handicapped by aphakia. Her mental state, cranial 
nerve function, muscle bulk and tone, tendon 
reflexes, sensation, and coordination were normal. 
Muscle strength during individual movements was 
normal but her endurance was extremely limited. 
Cardiological examination showed cardiomegaly and 
a grade II systolic murmur at the left sternal border. 
Blood pressure was 120/70 mm Hg. There was elec- 
trocardiographic evidence of hypertrophy of the 
right and left veritricles (Fig. 1) and apical hyper- 
trophic cardiomyopathy was diagnosed by echo- 
cardiography. The interventricular septum mea- 
sured 16 mm and the posterior left ventricular wall 
13 mm at the level of the mitral valve. The wall and 
septum were both 18 mm thick at the apex. Doppler 
studies did not show flow velocity abnormalities. 
During exercise testing on a bicycle ergometer she _ 
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Fig. 1 


was not able to perform at the 40 W level for more 
than a few minutes before she became exhausted. 
Laboratory examination showed a normal arterial 
PH and lactic acid concentration at rest but a serious 
metabolic acidosis (pH, 7:28; bicarbonate 15:4 
mmol/l; base excess, —9-9 mmol/l) and raised lactic 
acid concentration (10-4 mmol/l, normal «1:8 
mmol/l) after submaximal exercise. Lactic acid con- 
centration after 5 minutes' exercise on a treadmill at 
a speed of 2 miles per hour (3:2 km per hour) and an 
inclination of 10% increased by 3:6 mmol/l and pH 
fell from 7:37 to 7-22. (There were no changes in 
controls). Serum creatine kinase concentration was 
normal. Maximum heart rate was 140 beats per min. 
A specimen of the patient's quadriceps muscle was 
obtained by open biopsy after she had given 
informed consent. 


PATIENT 2 

A younger brother of patient 1 was admitted to our 
clinic at the age of 18 years with cardiomegaly. At the 
age of 5 years he also had had congenital cataracts 
removed. He suffered from exercise intolerance. 
General examination revealed no severe abnormal- 
ities. Blood pressure was 135/80 mm Hg. A chest x 
ray examination showed cardiomegaly and a grade II 
systolic murmur was heard at the left sternal border 


Electrocardiogram in patient 1 showing evidence of hypertrophy of the right and left ventricles. 


and in the second right intercostal space. Hyper- 
trophy of the left ventricle and of the interventricular 
septum was diagnosed by electrocardiography and 
vector cardiography. Heart catheterisation showed 
normal pressures. The tip of the catheter, however, 
could not be placed in the most distal part of the left 
ventricle. The cineangiographic findings were typi- 
cal of hypertrophic obstructive cardiomyopathy. 
Subjectively he remained well until he was 23 years 
old when he was readmitted with an attack of cardiac 
asthma. He responded well to conventional treat- 
ment. Shortly afterwards, however, cardiac asthma 
developed again and he died. The most important 
finding at necropsy was myocardial hypertrophy. 
The heart weighed 1220 g. Hypertrophy of the sep- 
tum and the left ventricle had seriously narrowed the 
outflow tract. The right ventricle was also hyper- 
trophied. The heart valves were intact and there 
were no defects in the atrial or ventricular septa. The 
coronary arteries were normal. 


HISTOPATHOLOGICAL EXAMINATION 

Skeletal muscle 

Muscle fibres from patient 1 did not vary greatly in 
size or shape. No necrotic fibres were seen and there 
was no inflammation. Connective tissue, nerve bun- 
dles, and blood vessels were normal. Haematoxylin 
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Fig.2 Various тейл а] abnormalities seen in à dici specimen of the quadriceps muscle from patient 1. 

(а) Low power photomicrograph of а transversely sectioned muscle fibre stained by means of the succinic dehydrogenase 
reaction to show the mitochondria. Note the strong staining of the subsarcolemmas of most muscle fibres. No ragged red 
fibres were seen. Original magnification, x 270. (b) Low power electron micrograph of subsarcolemmal area showing 
poorly developed cristae in mitochondria and electron dense matrix deposits. Original magnification, x 22000. (с) High 
power electron micrograph of giant mitochondrion with crystalline and amorphous inclusions. Original magnification, 

x 93000. (d) Electronmicrograph showing histochemical reaction to cytochrome oxidase by aberrant subsarcolemmal mito- 
chondria, Original magnification, x 18 000. 
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Fig. 3 Photomicrographs of myocardial fibres from patient 
2. (a) Disarrayed myocardial fibres of type 11A and IIB 
(according to Maron* ) in the septum. Elastin trichrome 
Masson stain. Original magnification, x 35. (b) 
Myofibrillolysis and vacuolar dystrophy of severely hyper- 
trophic muscle fibres with pericellular fibrosis. These are 
small scars in left upper and lower corner. Elastin trichrome 
Masson stain. Original magnification, x 350. (c) Laminar 
scar seen in the middle third of the ventricular septum. 


Elastin trichrome Masson stain. Original magnification, 
x 35. 
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and eosin stained sections showed that most of the 
muscle fibres contained an increased amount of blu- 
ish red granular material in the subsarcolemmal 
regions. In preparations stained by the modified 
Gomori trichrome technique red granular material 
was seen beneath the sarcolemma in numerous 
fibres, but there were no distinct “ragged red” fibres. 

The number of lipid droplets between the 
myofibrils and under the sarcolemmal membranes 
was increased. Periodic acid/Schiff staining showed 
that fibres with high lipid content also contained 
increased amounts of glycogen. There was no cor- 
relation, however, between lipid and glycogen stor- 
age and the intensity of the trichrome red staining. 
There was a slight predominance of type I adenosine 
triphosphatase reactions but in other respects a nor- 
mal checker»oard pattern of the distribution of fibre 
types was seen. There was a pronounced increase in 
the amount of reaction product within individual 
fibres when succinic dehydrogenase and NADH- 
tetrazolium reductase were used to stain for mito- 
chondria (Fig. 2a). 

Electronmicroscopy showed a considerable dis- 
turbance of the contractile apparatus with dilatation 
of intermyofibrillar spaces, splitting of myofibrils, 
and loss of the concerted arrangement of sarcomeres 
in many muscle fibres. More serious, however, was 
the great increase in aberrant mitochondria. Many of 
the intermyofibrillar and subsarcolemmal mito- 
chondria did not have cristae of normal appearance 
and arrangement. Also they often contained cristal- 
like inclusions and osmiophilic deposits of variable 
size and density (Fig. 2b and c). Quantitative 
morphome:ric stereological studies? (ratio (SE)) 
confirmed that there was a distinct increase in the 
volume density (volume fraction occupied by the 
component) of the mitochondrial compartment 
(8:46, normal 4:28 (1:84)) and of the lipid (1:79, 
normal 0-79 (0-50)) and glycogen (3-11, normal 1:19 
(0:87)) deposits when compared with results in 
untrained age matched controls. Enzymehisto- 
chemistry showed normal activity of cytochrome 
oxidase (Fig. 2d). Unfortunately, no skeletal muscle 
from patient 2 was available for examination. 


The heart ( patient 2) 

The myocardial fibres varied in size and shape and 
some were in considerable disarray (Fig. 3a) (type 
ПА and IIB by Maron and Roberts's classification*). 
Many of them contained vacuoles and showed 
myofibrillolysis. There were multiple scattered small 
scars in the myocardium of the left ventricle (Fig. 
3b), moreover a broad laminal fibrosis was found in 
the middle third of the septum (Fig. 3c), while the 
portions of the septum adjacent the right and left 
ventricle were spared. A small deparaffinised myo- 
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cardial specimen was postfixed in glutaraldehyde 
and examined by electron microscopy. Despite arte- 
facts due to paraffin embedding, myofibrils were 
clearly recognisable. There was a great increase in 
mitochondria throughout the myocardial fibres. The 
size of the mitochondria varied greatly, many con- 
tained large osmiophilic inclusions, apparently iden- 
tical to these seen in the skeletal muscle mito- 
chondria from patient 1. 


Biochemical examination 
Rates of pyruvate and malate oxidation in the muscle 
homogenate were assayed by the method of Book- 
elman et al? with the glucose hexokinase system 
being replaced by 20 mmol/l creatine. 
P!,P5-di(adenosine-5'-) pentaphosphate (Ap5A) was 
added to inhibit adenylate kinase activity.° Ade- 
nosine triphosphate production rates were deter- 
mined in the presence of Ap5A and corrected for 
arsenite insensitivity. Cytochromes were assayed by 
the method of Bookelman et а1.7 Carnitine was esti- 
mated by the method of Parvin and Pande.? 
Biochemical examination did not show a clear cut 
defect in the energy producing pathway of the mito- 
chondria. The cytochromes were present in normal 
amounts. Concentrations of total and non-esterified 
carnitine were normal in serum and muscle homoge- 
nates. 


Discussion 


Our patients and those described before! probably 
had a hereditary disease of heart and skeletal muscle 
associated with congenital cataracts. On the basis of 
pathophysiological criteria the cardiomyopathy can 
be classified as a hypertrophic cardiomyopathy. In 
the patient who died the gross pattern of the heart 
was characteristic of this type of cardiomyopathy. 
The broad scar in the septum, however, was an 
unusual finding. It can only be supposed that it 
developed because of a concurrent disturbance of 
coronary perfusion in the severely hypertrophic 
myocardium. 

Pronounced changes in the ultrastructure and dis- 
tribution of mitochondria in the myocardial and 
skeletal muscle fibres were the most prominent his- 
topathological findings. There are several reports of 
mitochondrial abnormalities in the skeletal muscles 
of patients with a heart disease.? 11 

A functional abnormality is likely ш patient 1 
because there was abnormally high lactic acidosis 
after exercise as a consequence of impaired pyruvate 
oxidation. Biochemical examination of muscle tis- 
sue, however, excluded the well known causes of 
disordered pyruvate oxidation. А disturbance of 
oxygen delivery to the mitochondria might explain 
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the disordered mitochondrial function. 
Unfortunately we did not test for oxygen availability 
in vivo. Impaired oxygen delivery might also explain 
the occurrence of congenital cataract since the lens is 
vascularised for only a limited time during fetal 
development. Impaired oxygen delivery can cause 
cataract in experimental studies. !? 

Although we know of several patients with this 
syndrome in The Netherlands, no other cases have 
been described in published reports. We know of a 
few more Swiss patients with the syndrome (B Stein- 
man, personal communication). The frequency of 
such cases is probably greater than the small number 
of reported cases suggests. 
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Case report 


Chylopericardium: a rare complication of a 


Waterston shunt 
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SUMMARY A case of chylopericardium occurring after a Waterston shunt was successfully 
managed by pericardial drainage of chyle and substitution of dietary fats with medium chain 


triglycerides. 


Chylous pleural effusion 1s a well recognised compli- 
cation after thoracic surgery. The accumulation of 
chyle in the pericardium sufficient to cause tam- 
ponade, however, is a rare complication of cardiac 
surgery and was first described in 1971 by Thomas 
and McGoon.! The aetiology of chylopericardium is 
uncertain and because the condition is so rare the 
correct treatment has yet to be established. We 
report a case of this unusual complication in a 
5 month old infant after a Waterston shunt and 
discuss the management of this condition. 


Case report 


A male infant weighing 1:8 kg was born at 33 weeks’ 
gestation after the spontaneous onset of labour. He 
was small for dates, but there was nothing unusual in 
the antenatal history. Cyanosis was not clinically 
apparent, an electrocardiogram showed sinus 
rhythm with left ventricular dominance, and the 
chest x ray film showed an increased cardiothoracic 
ratio. A systolic murmur was heard and he was 
referred for assessment. Cardiac catheterisation 
showed pulmonary atresia with a hypoplastic right 
ventricle, widely patent ductus arteriosus, and a 
large atrial septal defect. As his condition was stable, 
surgical intervention was not warranted and he was 
discharged. He was readmitted at the age of five 
months because of failure to gain weight and mild 
cyanosis, and it was felt that a palliative shunt was 
required. 

A standard Waterston shunt by the retrocaval 
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approach was carried out through a right lateral tho- 
racotomy. The surgical procedure was uneventful 
and a good shunt murmur was audible after oper- 
ation. The pleural drain was removed the following 
day. Two days later, however, an increase in heart 
size was noted on the chest x ray film; one week post- 
operatively the presence of a large pericardial 
effusion was confirmed by echocardiography but 
there were по specific features to suggest chyloperi- 
cardium. Despite increased diuretic therapy the size 
of the effusion as assessed by echocardiography con- 
tinued to increase. 

Three weeks postoperatively surgical drainage 
was performed through a small sub-xiphoid inci- 
sion; 200 ml of milky fluid was removed from the 
pericardium and a pericardial drain was left in situ. 
Laboratory analysis of the aspirated fluid showed 
the presence of chylomicrons and this confirmed the 
clinical diagnosis of chylopericardium. The patient 
was started on a diet in which dietary fats were 
replaced by medium chain triglyceride supplements. 
About 20 ml of chyle drained away each day for the 
next five days; drainage ceased after one week and 
the drain was removed. An echocardiogram two 
weeks later confirmed that no fluid had reac- 
cumulated in the pericardium. Follow up three 
months later showed a heart of normal size on chest 
xray film япа normal echocardiographic appear- 
ance. 


Discussion 


The first case of chylopericardium after cardiac 
surgery was reported in 1971 by Thomas and 
McGoon.' Feteih et al reviewed nine further cases 
and added their own.? Since this review, further 
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cases have been added by Rose et al* and Pugliese et 
al.* These 13 cases span the full range of ages from 
infants to adults and cover the whole spectriim of 
cardiac operations from palliative shunts to 
definitive procedures. 

Our case, like those reported by Hawker et al? in 
1972 and Jacob and colleagues® in 1974, occurred in 
a patient who had had a Waterston shunt. The 
aetiology of chylopericardium after cardiac surgery 
is not clear but it seems that there 1s a definite risk of 
this complication after a Waterston shunt. Transec- 
tion of an important lymphatic channel is obviously 
a factor, but such an event has only been described 
occasionally, despite the high frequency of anat- 
omical variations in the course of the thoracic duct. 
In the сазе described by Thomas and McGoon, 
thrombosis of the left subclavian vein secondary to 
insertion of an external jugular vein cannula was 
described and they believed that this thrombosis had 
obstructed the end of the thoracic duct and pro- 
duced high lymphatic pressures.‘ A similar 
aetiology was possible in the case described by 
Kansu et al’ and Rose et al?; however, in our patient 
venous access was maintained by a right internal 
jugular cannula. 

The interval from operation to appearance of the 
chylopericardium ranges from four days, as in our 
case, to five weeks. This ‘suggests that the 
aetiological development of the condition depends 
on whether damage to the major pericardial lym- 
phatic occurs at operation or is a result of later 
fibrosis. Those who have reported cases of chylo- 
pericardium have not agreed on the management of 
such patients. Providing that no major lymphatic 
vessel had been damaged, as shown by excessive 
pericardial drainage or rapid reaccumulation of 
chyle after aspiration, most cases settled with con- 
servative management. Adequate drainage of the 
pericardium is essential and this is most effectively 
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established by the insertion of a pericardial drain via 
the sub-xiphoid approach. Chyle formation can be 
reduced by controlling the dietary intake of fats. 
Fats are hydrolysed in the gut to glycerol and fatty 
acids and these long chain fatty acids are re- 
esterified to triglycerides and passed into the lym- 
phatics as chylomicra. Medium chain triglycerides, 
however, are not re-esterified but pass directly into 
the portal venous blood. Thus the substitution of 
dietary fats with medium chain triglycerides is an 
effective method of reducing chyle formation, and 
this approach was successful in our case and that of 
others. 
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Improved survival with amiodarone in patients with 
hypertrophic cardiomyopathy and ventricular 


tachycardia 


Sir, 

In their recent paper (1985; 53: 412-6) McKenna 
et al conclude that amiodarone may prevent sudden 
death in patients with hypertrophic cardio- 
myopathy. They studied patients with ventricular 
tachycardia recorded on Holter monitoring. Of 24 
patients not treated with amiodarone (historical con- 
trols) five died suddenly during a three year follow 
up while all 21 patients on amiodarone survived for 
at least three years. The implications of this obser- 
vation make careful examination of potential con- 
founding factors essential. Information is required 
about the control group that is not explicit in the 
paper nor in a previous report about these patients. 

The crucial issue is the drug treatment with “соп- 
ventional antiarrhythmic agent" and the relation be- 
tween the use of individual drugs and sudden death. 
McKenna er al state that “we entered seven of the 
patients with ventricular tachycardia (included in 
the conventional treatment groups) into a compara- 
tive study of the antiarrhythmic effect of diso- 
pyramide and mexiletine" ... “four of the seven 
died suddenly during treatment". Apart from this 
group there was therefore only one sudden death in 
the other 17 patients with ventricular tachycardia. 
Were these 17 also treated with mexiletine or diso- 
pyramide or just with quinidine, and how were the 
seven selected for the antiarrhythmic study? That 
these deaths were not typical of the natural history of 
hypertrophic cardiomyopathy is suggested in the 
earlier paper by the greater ages of these patients and 
they imply a more severe functional limitation than 
was found in 32 patients who died in the total series. 
Could it be that these older, more severely affected 
patients are particularly at risk from electro- 
physiological or mechanical instability when a par- 
ticular antiarrhythmic agent is added to high dose 
beta blockade? This risk would not necessarily be 
marked by observable QT' prolongation or pre- 
monitory arrhythmia. 

On the data given by McKenna et al it could be 
concluded that mexiletine or disopyramide was re- 
sponsible for most of the observed mortality and 
that the main benefit of amiodarone was in saving 
patients from being subjected to the toxic effects of 
these agents. 


To clarify the situation it would be helpful to 
know what drugs each patient who died was taking 
(and for how long), the numbers of the survivors 
treated with similar drugs or combinations, and in 
which patients treatment was apparently successful 
(that is, did any of these patients die?). McKenna 
etal may also be able to supply from their own ex- 
tensive experience or from elsewhere a more valid 
group for comparison with the amiodarone group— 
namely patients with hypertrophic cardiomyopathy 
and ventricular tachycardia who were not treated 
with antiarrhythmic agents but were treated with 
adequate beta blockade. Alternatively they could at- 
tempt to show that the overall three year mortality 
associated with the policy of amiodarone treatment 
of ventricular tachycardia is significantly different 
from that associated with treatment only by beta 
blocking or calcium antagonists drugs. Until this can 
be done their assertion that “‘a randomised prospec- 
tive study” ... “was never feasible" is only justified 
in relation to comparison with the other anti- 
arrhythmic agents. Long term treatment with ami- 
odarone is not a trivial intervention and before it is 
applied to all patients with hypertrophic cardio- 
myopathy and ventricular tachycardias (except for 
relief of severe symptoms) a properly designed 
placebo controlled trial must be undertaken. 
Jonathan C P Crick, 

Cardiac Department, 
Guy's Hospital, 

St Thomas' Street, 
London SE1 9RT. 
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This letter was shown to Dr McKenna, who replies 
as follows: 


Sir, 

In his letter Dr Crick raises the possibility that the 
class I antiarrhythmic agents used in the treatment 
of 24 consecutive patients with hypertrophic cardio- 
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myopathy and ventricular tachycardia may have ad- 
versely affected prognosis.! The available evidence 
does not suggest this, but the possibility cannot be 
excluded. The arrhythmogenic effects of diso- 
pyramude, mexiletine, and quinidine are well known; 
22 of the 24 patients had 12 lead electrocardiograms 
and 48 hour ambulatory electrocardiographic mon- 
itoring performed during treatment and we did not 
see changes that suggested an arrhythmogenic effect 
such as elongation of the QT interval or multiform 
ventricular tachycardia. In this regard our data are 
similar to those reported by Maron etal for a study 
in which four of 19 patients who were receiving class 
I antiarrhythmic agents for the treatment of asymp- 
tomatic paroxysmal ventricular tachycardia died 
suddenly? without evidence of an arrhythmogenic 
effect of treatment (B J Maron, personal commu- 
nication). Of the five patients with ventricular tachy- 
cardia who died suddenly in our study, three were 
on disopyramide (400 or 600 mg daily), one was on 
quinidine (500 mg daily), and the other had been 
treated with disopyramide and mexiletine (both 
were poorly tolerated) but was not on anti- 
arrhythmic agents when death occurred. All of the 
survivors who had ventricular tachycardia received 
at least one class I antiarrhythmic agent. (These 
agents were never used in combination.) The drugs 
were changed according to their efficacy and side 
effects. The drug which was used for the longest pe- 
riod was disopyramide in 10, quinidine in eight, and 
mexiletine in four. 

Before the recognition of asymptornatic ventricu- 
lar arrhythmia and the use of class I antiarrhythmic 
agents, the annual mortality from sudden death in 
adults with hypertrophic cardiomyopathy was 2:6% 
(254 patients).* Details of these patients have been 
published; in brief, the majority received pro- 
pranolol (mean 220 mg daily) and few were on 
specifically antiarrhythmic drugs, usually for control 
of symptomatic supraventricular arrhythmia.? With 
the widespread use of ambulatory electrocardio- 
graphic monitoring the high frequency of asymp- 
tomatic ventricular arrhythmia was recognised.^? 
During the period (1977 to 1980) when class I anti- 
arrhythmic agents were used to treat paroxysmal 
ventricular tachycardia the overall annual mortality 
from sudden death was reported to be 2:7% (86 pa- 
tients)? and 2:4% (83 patients).? In these two pre- 
dominantly adult populations the finding of 
ventricular tachycardia during electrocardiographic 
monitoring was associated with sudden death. The 
similar annual mortality before and after the treat- 
ment of ventricular tachycardia with class I anti- 
arrhythmic agents does not support the suggestion 
of an occult arrhythmogenic effect. 

Since 1980 we have routinely used amiodarone to 
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treat refractory supraventricular arrhythmia and 
paroxysmal non-sustained ventricular tachycardia. 
Our experience in the first 82 patients is outlined in 
our paper; the annual mortality from sudden death 
was 0-895.! During the entire period under exam- 
ination we used the same approach to treat symp- 
toms, and the clinical, echocardiographic, and 
haemodynamic characteristics of the two con- 
secutive patient populations were similar. These 
data on annual mortality do not suggest an adverse 
effect on prognosis by class I antiarrhythmic agents 
and they support the finding of improved survival 
during amiodarone treatment of patients with hy- 
pertrophic cardiomyopathy and ventricular tachy- 
cardia. We are well aware that long term treatment 
with amiodarone is associated with side effects, some 
of which are serious. For this reason we have been 
hesitant to assess the effect of amiodarone on sudden 
death in children with hypertrophic cardio- 
myopathy. This age group is at greatest risk of sud- 
den death." 


William J McKenna, 
Cardiovascular Disease Unit, 

Royal Postgraduate Medical School, 
Hammersmith Hospital, 

Ducane Road, 

London 12 OHS. 
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Correspondence 


Reoperation for angina after previous aortocoronary 


bypass surgery 


Sir, 
The review paper by Pidgeon et al (1985; 53: 269-75) 
raises several points. Firstly, single vein grafts repre- 
sented a high number of the patients undergoing 
both first and second operations, and recent reports 
have shown a pronounced increased frequency of 
perioperative spasm in just this group of 
patients'—even to the extent of producing peri- 
operative infarction— particularly in the non- 
grafted, often normal vessel. Was the occurrence of 
the 20 perioperative infarctions in this study higher 
in patients undergoing one or two vein grafts? 

Secondly, the reasons for reoperation in this group 
were determined at angiography, although the 
relation between symptoms and the number and 
degree of coronary stenosis is clearly not linear.? 
Have the authors considered. whether dynamic 
causes such as coronary vasospasm might play a 
more dominant role in the production of symptoms 
severe enough to require reoperation? Vasospasm 
may continue to affect host and graft vessels? and is 
strongly implicated in the day to day variability 
experienced by nearly all patients with angina.* 

Thirdly, many careful studies have already 
confirmed the lack of relation between traditional 
risk factors and progression of disease after coronary 
artery bypass graft.) The persistence of type A 
behaviour (especially hostility, cynicism, and vocal 
stylistics) has been found to be significantly 
correlated with the development of postoperative 
angina, probably due to repeated and excessive 
sympathoadrenal medullary response to environ- 
mental stressors.’ Certainly, behavioural factors 
have been found to correlate very strongly with 
symptoms in men awaiting their first coronary artery 
bypass graft. Sleep disturbance (waking fatigued, 
poor quality sleep, long sleep latency) was found to 
contribute significantly to exertional, emotional, and 
post-prandial angina, whereas denial of helplessness 
and general life dissatisfaction correlated highly with 
rest and nocturnal angina.® 

Of the patients in this study, 43% continued to 
have the same or worse anginal pain after the second 
operation, and the survey of published results 
suggests that this is not an uncommon problem. We 
would therefore direct the authors’ attention to the 
role of dynamic factors in these patients and the 
suggestion that the best correlates are bio- 
behavioural. We have long advocated attention to 


sleep (with sedation) and arousal (by counselling) in 
patients with angina? as well as avoidance of hyper- 
ventilation, which may be the trigger to vaso- 
spasm. !9 


Leisa J Freeman, 

P G F Nixon, 

Cardiac Department, 

Charing Cross Hospital (Fulham), 
London W6 8RF. 
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Correspondence 


This letter was shown to Dr Pidgeon, who replies as 
follows: 


Sir, 

In our series perioperative myocardial infarction 
occurred during the first operation in seven patients 
receiving three vein grafts, four receiving two grafts, 
and in only one who received a single graft. At 
reoperation seven of the eight infarcts occurred in 
patients with three vessel disease. In the Coronary 
Artery Surgery Study report the incidence of peri- 
operative infarction increased with the number of 
grafts placed from 2-1% for single grafts to 6 3% for 
triple grafts.’ Zingone et al report only one case of 
perioperative infarction in the territory subtended 
by a normal vessel and cited evidence of a further 11 
cases.) We suspect, therefore, that this is not a 
frequent problem. 

With regard to Drs Freeman and Nixon’s second 
comment, all our patients suffered angina provoked 
by exertion or stress. This would suggest that the 
fixed obstructive lesions documented at coronary 
angiography, and confirmed at surgery, were likely 
to be responsible for their symptoms. In addition, 
some patients also reported angina at rest, whose 
genesis may be mediated by the same mechanism. 
Moreover, we assessed the severity of symptoms 
over a prolonged period, usually at least several 
months, thus circumventing the problem of day to 
day variability in symptoms. As we stated, symp- 
toms are by definition subjective, although exercise 
testing is recognised to provoke evidence of 
ischaemia more readily in the presence of severe 
disease, both in the native* and postoperative? coro- 
nary circulation. For this reason we used exercise 
testing in many patients to aid selection for further 
investigation. We described the causes of post- 
operative angina as putative, based on an analysis of 
the angiograms, from which we determined the 
feasibility of surgery. The reason for reoperation, 
however, was to attempt to alleviate severe symp- 
toms. 

We noted a high incidence of conventional risk 
factors in our patients proceeding to reoperation, as 
do other authors. Anxiety may provoke angina, and 
the mechanism for this may be mediated by an 
increased myocardial oxygen demand.’ Although 
this aspect of the problem may be susceptible to 
modification of behaviour, our patients were so 
grossly restricted in terms of physical activity, 
despite medication, that we considered that coming 
to terms with their disability offered an inadequate 
solution. For patients whose disease was deemed 
inoperable there was no alternative. 
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We do not deny the role of dynamic and behav- 
ioural factors in the genesis of angina, but we ques- 
tion how far they are relevant in this group of 
patients with significant multivessel fixed obstruc- 
tive lesions who have symptoms often despite vaso- 
dilator treatment. Our experience is that the relief of 
obstruction by further bypass grafts can produce 
symptomatic benefit in the majority. 


J W Pidgeon, 
Broadgreen Hospital, 
Liverpool L14 3LB. 
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Correspondence 


Lead specificity of the maximum ST/heart rate 


slope response 


Sir, 
Once more correspondence columns have borne wit- 
ness to the confusion caused by the Leeds exercise 
test. Yet again Professor Linden and his colleagues 
have been able to claim that their protocol has not 
been adhered to—and of course on this occasion they 
are correct in that respect.!? They have, however, 
chosen to ignore other studies that have followed 
their protocol meticulously and that have, never- 
theless, failed to reproduce their results.?4 

This has surely now reached a point for real con- 
cern to be expressed. A considerable amount of time 
and money, much of the latter from charitable 
sources, has been spent trying to confirm the perfect 
accuracy of this test and this has proved a wild goose 
chase. This might be a cause for some amusement 
were the competition for scarce research funds not so 
intense. Nevertheless, the alleged usefulness of this 
test has been widely and uncritically accepted in 
many countries. There is reason to believe that the 
management of many patients may have been largely 
determined by the result of a Leeds exercise test, and 
of course this could well result in quite inappropriate 
decisions with regard to further investigation and 
treatment in individual cases. 

The fact is that the test works only in Leeds. No- 
body else, using the unmodified Leeds protocol, has 
been able to reproduce the results, and surely there- 


fore the test must now either be abandoned or else all 
patients undergoing it must be sent to Professor Lin- 
den’s unit since that would appear to be the only 
place where it can be properly performed and inter- 
preted. 

It is of interest that the recent letter from Professor 
Linden and Dr Mary seems to indicate that the test, 
even in Leeds, is no longer perfect so perhaps the 
time has come for it to be abandoned. 


Clive Laytan, 

London Chest Hospital, 
Bonner Road, 

London E2 9]X. 
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Management of primary pulmonary hypertension 


Sir, 

Dr Oakley’s interesting editorial on the management 
of primary pulmonary hypertension (Br Heart 7 
1985; 53: 1—4) contains an error. The sequence of the 
vascular lesions that is described ends with fibrinoid 
necrosis and the “‘plexiform arteriopathy” of Wage- 
nvoort and Dr Oakley goes on to say “but the ther- 
apeutic dilemma is how to get hold of patients at a 
stage of medial hypertrophy before these irre- 
versible changes occur.” Plexiform lesions develop 
after fibrinoid necrosis. “‘Plexiform arteriopathy” 
does not exist. The term, plexogenic arteriopathy 
was devised by a World Health Organisation 
committee! to describe a morphological pattern of 
which the plexiform lesion is the final stage. There- 


fore, plexiform lesions and other irreversible 
changes need not to be present in plexogenic arte- 
riopathy. The condition, at least in association with 
congenital] heart disease, is reversible in its early 
stages and not only when medial hypertrophy alone 
is present.? The primary form of pléxogenic arte- 
riopathy is also likely to be reversible if an effective 
treatment can be used at an early stage of disease. 


C A Wagenvoort, 

Department of Pathology, 
Academisch Medisch Centrum, 
Meibergdreef 9, 

AZ Amsterdam, 

'The Netherlands. 
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This letter was shown to the author, who replies as 
follows: 


Sir, 

I am grateful to Professor Wagenvoort for his se- 
mantic correction. ‘‘Plexogenic” presumably means 
giving rise to “plexiform”. If only the arteriopathy 


Cardiac transplantation 


Sir, 

I was interested to read the letter in which Dr Evans 
(1985; 53: 472) compared the survival statistics of 
the Stanford University Cardiac Transplantation 
Program with the survival rates of medically treated 
patients with dilated cardiomyopathy in the United 
Kingdom. Dr Evans states that medical treatment of 
dilated cardiomyopathy carries a one year mortality 
rate of 34-794 and five year mortality rate of 59-495. 
He compares this with the 37% one year mortality 
rate and a 61% five year mortality rate at Stanford. 
He then takes exception to the statement "'that car- 
diac transplantation prolongs life". Fortunately, the 
current data upon which we base our justification for 
cardiac transplantation 1n the United States do not 
agree with Dr Evans's contention for several rea- 
sons. 

The first and foremost criterion for cardiac trans- 
plantation in the United States is the presence of 
New York Heart Association class IV heart failure. 
In patients with class IV congestive heart failure, 
including those with coronary artery disease, one 
year mortality is 5095 and three year mortality is 
8094.! Since the quoted Stanford data include both 
patients with ischaemic heart disease and primary 
dilated cardiomyopathy the data do indeed appear 
promising. The Stanford statistics quoted comprise 
data accumulated before the introduction of cy- 
closporin immunosuppression. Comparison of one 
year and three year mortality rates in the registry 
maintained by the International Society for Heart 
'Transplantation,? shows а 15% one year mortality 
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уеге “plexogenic” rather than “plexiform” when 
"these patients are referred then we might produce 
some therapeutic benefit with vasodilator drugs. 
Very occasionally death from primary pulmonary 
hypertension occurs when the arteriopathy is still 
only “plexogenic” and one feels that in these rare 
patients the disease might have been amenable to 
treatment. We need to see patients when their arte- 
riopathy although apparently “plexogenic” is not 
yet “plexiform”. 


Celia M Oakley, 

Royal Postgraduate Medical School, 
Hammersmith Hospital, 

Ducane Road, 

London W12 OHS. 


rate and a 25% three year mortality rate in patients 
who have had cardiac transplantation and 1mmu- 
nosuppression with cyclosporin. Therefore, the 
most recent data indicate that cardiac trans- 
plantation does indeed prolong survival in those pa- 
tients with New York Heart Association class IV 
heart failure. The problem in 1985 is not one of the 
therapeutic efficacy or of satisfactory long term 1m- 
munosuppression but rather that of donor heart 
availability. T'he efforts of the medical community 
must be directed towards reducing the high early 
mortality rate of patients who presently are not sur- 
viving long enough to undergo cardiac trans- 
plantation. 


Michael L Hess, 

Director of Cardiac Transplantation, 
Medical College of Virginia, 
Richmond, VA 23298, 

USA. 
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Notices 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 26 to 28 November 
1985, and the closing date for receipt of abstracts was 
1 August 1985. 

The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April.1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 


Checking of references 
The British Heart Journal has been able to provide 


a reference-checking service but can no longer do so; 
other journals had ceased to offer this many years 


ago. In future authors should take great care to check 
at source any reference they cite, or confirm refer- 
ences previously filed by using Index Medicus rather 
than the published work of another author, which 
may perpetuate errors. 


Ventricular tachycardias 


An international symposium on ventricular tachy- 
cardias will be held in Vittel, France, on 4 to 7 May 
1986, under the auspices of the French Society 
of Cardiology. Inquiries to Professor J M 
Gilgenkrantz, Service de Cardiologie, Hôpital 
Central, 29 avenue du Maréchal-de-Lattre-de Tas- 
signy, C O no 34, 54037 Nancy Cedex, France. 
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Effects of myocardial revascularisation in patients 
with effort angina and those with effort and nocturnal 
angina 


ARSHED A QUYYUMI, CHRISTINE A WRIGHT, LORNA J MOCKUS, 
MAGDI YACOUB, KIM M FOX 


From the National Heart Hospital, London 


SUMMARY The effects of coronary artery bypass graft operation were studied in 32 patients with 
daytime ambulatory ST segment changes and 14 patients with daytime and nocturnal angina and 
ST segment changes. Patients had ambulatory ST segment monitoring and exercise testing 
before and after operation and coronary arteriography was repeated in 34 patients after operation. 
Before operation, patients with daytime and nocturnal ischaemia tended to have more severe 
coronary artery disease, lower exercise tolerance, and more frequent ambulatory ST segment 
changes than those who had daytime ST segment changes only. After operation chest pain 
recurred in 22% of patients and ST segment depression during exercise testing or ambulatory ST 
segment monitoring recurred in 37% of the patients and was significantly more frequent in those 
with nocturnal ischaemia than in those with daytime ischaemia. Graft patency rates were similar 
in patients with and those without recurrence of ischaemia. After operation the frequency and 
magnitude of ST segment changes and exercise duration were improved in patients with pre- 
operative daytime angina and also in those with daytime and nocturnal angina. The improvement 
was more pronounced in the latter groups. Thus, absence of postoperative angina is not a reliable 
indicator of the absence of reversible myocardial ischaemia. After revascularisation, patients with 
rest and nocturnal angina can expect relief from ischaemia, and if this recurs postoperatively, the 
threshold is improved and pain usually occurs only on exertion. 


Several studies have demonstrated the efficacy of Patients and methods 
coronary artery bypass surgery in relieving symp- 
toms in patients with obstructive coronary artery PATIENTS 


disease!~ > and exertional angina when myocardial 
oxygen demand exceeds supply. Revascularisation 
in these patients improves exercise capacity? " and 
left ventricular function. Several patho- 
physiological mechanisms have been proposed to 
explain the occurrence of angina at rest and at night. 
These include an increase in myocardial oxygen 
demand,? coronary ѕраѕт,! and platelet aggre- 
gation,!! The benefits of revascularisation in these 
patients have not been established.!? We have 
investigated the value of coronary artery bypass 
surgery in patients with nocturnal rest angina and 
have compared these effects with those in patients 
with daytime exertional angina only. 

Requests for reprints to Dr A A Quyyumi, Nanonal Heart Hospi- 
tal, Westmoreland Street, London W1M 8BA 
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Forty four of the 46 patients studied had episodes of 
transient ST segment depression and two had epi- 
sodes of ST segment depression and elevation dur- 
ing preoperative ambulatory ST segment mon- 
itoring. These patients were selected from 100 
consecutive patients who had coronary artery bypass 
surgery between 1982 and 1984 and who were under 
the care of one consultant cardiologist at the 
National Heart Hospital. Only patients with epi- 
sodes of transient ST segment changes before oper- 
ation were investigated before and after coronary 
artery bypass surgery. There were 37 men and nine 
women (mean (SD) age (57(8) years). Thirty two 
patients (group 1) only had ST segment changes 
during daytime exertion and 14 (group 2) had both 
daytime and nocturnal ST segment changes. In 
twenty three patients antianginal medication was 
discontinued for the performance of preoperative 
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and postoperative studies. Of the remaining 23 
patients who were treated preoperatively with beta 
adrenoceptor antagonists and vasodilators, only 
three patients were treated with beta receptor antag- 
onists after operation and one patient was 
investigated while he was on nitrates only. Digoxin 
was not given to patients during the investigation 
period. Postoperative investigations were performed 
within three months of the operation. 


EXERCISE TESTING 

Before and after operation 41 of the 46 patients were 
exercised on a treadmill according to the modified 
Bruce protocol until they reached a symptom lim- 
ited maximal level. Five patients who had unstable 
angina, frequent rest pain, and reversible electro- 
cardiographic changes during pain were not exér- 
cised preoperatively. 


AMBULATORYSTSEGMENT MONITORING 
Before and after operation 48 hour ambulatory ST 
segment monitoring was performed in 34 patients 
and 24 hour monitoring was performed in 12 
patients on a frequency modulated recorder (Oxford 
Medilog II) which accurately measures low fre- 
quency (0:05 Hz<3db down) signals. Two 
bipolar precordial leads, CM5 and a second lead 
resembling lead II, were recorded and the magnetic 
tapes were played back at 60 times normal speed. 
'The number, duration, and magnitude of ST seg- 
ment changes and the heart rate at the onset of ST 
segment changes were noted. Important ST seg- 
ment depression was defined as depression >1 mm 
occurring 0-08 seconds after the QRS complex and 
persisting for at least 30 s. ST segment elevation was 
defined as elevation >1 mm at the J point. 


Table 1 Characteristics (mean ( SD)) of 46 patients 
studied; 32 (group 1) with daytime and 14 (group 2) with 
daytime and nocturnal ST segment changes during 
ambulatory monitoring 


Characteristic Group 1 Group 2 
Number of patients 32 14 
Age (years) 56 (8) (9) 
Duration of angina > 1 year (n=28)* >1 year (n=12)f 
Exertional pain 29 14 
Rest pain 17 9 
Previous myocardial 

infarchon 10 7 
Positive preoperative 

exercise test 28 (n-29) 12 (n=12) 
Coronary angiogram: 

1 vessel disease 1 0 

2 vessel disease 10 1 

3 vessel disease 21 13 

Left main stem stenosis 8 i 4 





*Four patients had had angma for 3 months to 1 year. 
TT wo patients had had angina for 3 months to 1 year 
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CORONARY ARTERIOGRAPHY 


Contrast left ventriculography and coronary cine 
angiography were performed in all patients before 
operation and in 34 patients after operation at the 
same time as aortography and catheterisation of 
grafts. Twelve patients refused the postoperative 
investigation because they were symptom free. 
Proximal stenosis of >70% in a coronary artery was 
considered to indicate significant disease and left 
main stem stenosis was regarded as two vessel 
disease. 


STATISTICS 

Results are expressed as mean and standard devi- 
ation. Discrete data were analysed by the Wilcoxon 
signed rank test for paired observations and the y? 
test. 


Results 


Table 1 summarises the preoperative characteristics 
of the 32 patients with daytime (group 1) and 14 
patients with daytime and nocturnal (group 2) 
ambulatory ST segment changes who had under- 
gone coronary bypass surgery. There were no 
significant differences between the ages of patients, 
the duration of angina, or the historical frequency of 
exertional and rest angina in the two groups, 
although 5094 of group 2 patients had a history of 
previous myocardial infarction compared with 31% 
of group 1 patients (Table 1). All patients in group 2 
had three vessel disease or left main stem stenosis, 
whereas a third of the patients in group 1 had one or 
two vessel disease. Preoperative exercise testing 
demonstrated a lower exercise threshold for ST seg- 
ment depression in group 2 than in group 1 
(Table 2). Group 2 patients also had more frequent 
episodes of long lasting ST segment change which 
were of greater magnitude and occurred at a lower 
heart rate than in group 1 patients (Table 3). These 
differences were, however, not shown to be statisti- 
cally significant in these small groups of patients. 

One to five (mean 3-4 (0-8)) bypass grafts were 
implanted. Postoperative cardiac catheterisation was 
performed in 24 group 1 patients (75%) and 10 
group 2 patients (71%). Nine group 1 patients and 
four group 2 patients had all grafts patent with good 
distal run off. The overall graft patency rate (83%) 
was similar in both groups. Only 70% of the grafts 
were patent with good distal run off. 

Recurrence of angina in the three month post- 
operative period (mean 22%) was similar in both 
groups (p > 0-05). Fifteen patients had positive post- 
operative exercise tests—seven (22%) in group 1 
and eight (57%) in group 2 (p<0-01) (Table 4). In 
these 15 patients, postoperative exercise duration 
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Table 2  Haemodynamc variables (mean (SD) ) during preoperative treadmill exercise testing in 40 patients with a postive 











exercise test 
Variable Group 1 Group 2 
( Dayttma ST changes) ( Daytime and nocturnal ST changes) 
Number of panents 28 12 
Resting heart rate (beats per minute) T1104 67 (5) 
Heart rate at 1 mm ST depression (beats per minute) 103 (19) 96 (10) 
Duration of exercise to 1 mm ST depression (min 5109) 3-5 (14 
No with chest pain during exercise 28 (100%) 11 м 





'Table3 Number, duration, and magnitude (mean (SD) ) of painful and painless episodes of ST segment change during each 
24 hour period of preoperative ambulatory momtoring in groups 1 and 2 





Group 1 Group 2 
(Daytime ST changes) (Daytime and nocturnal ST changes} 
Total number of episodes of ST segment change 171) 11-4 (10) 
Nocturnal episades 0 28) 
Heart rate at onset of ST change (beats per min) 92 (17) 85 (12) 
Duration of episodes (пип) 25 (34) 38 (20) 
Maximum magnitude of ST segment change (mm) 16(1) 35( $ 
Number of painful episodes 0 9 (0 8) 31(53 





Table 4 Comparison of preoperative and postoperative haemodynamic data (mean ( SD)) obtained during exercise 


testing in 15 patients with positive exercise tests after operation 





Group 1 Group 2 

Pre Post Pre Post 
Number of pauer:ts 7 (22%) 8** (57%) 
Resung heart rate (beats per mun) 75 (12) 87 (16) 66 (6) 87 (17)* 
Heart rate at 1 mm ST depression (beats 

per min) 107 (19) 137 (14)** 97 (12) 127 (14)** 

Duration of exercise (min) 49 (2:1) 62 (3)** 30(1) 64(18)** 
Patients with chest pain 3 7 4 





*р<0 05; **p «0 01. 


and peak heart rate at which 1 mm segment depres- 
sion occurred were both significantly higher than 
during the preoperative period (p<0-01). This 
difference was more striking in group 2 patients, 
who had a proportionately greater improvement in 
postoperative exercise tolerance (Table 4). Only 
seven patients (three group 1 and four group 2) had 
pain associated with important ST segment depres- 
sion at peak exercise postoperatively, whereas 14 of 
these 15 patients had experienced pain before oper- 
ation. Eight patients were not on antianginal treat- 
ment during assessment before and after operation. 
Five patients who were on treatment preoperatively 
were assessed on no medication postoperatively and 
the remaining two patients were on the same medi- 
cation before and after operation. 

In sixteen patients, nine (28%) in group 1 and 
seven (50%) in group 2 (p<0-01) ambulatory ST 
segment changes persisted after operation (Table 5). 


In all these patients the number and the maximum 
magnitude of the episodes of ST segment change 
were significantly lower after operation (p<0 01) 
(Table 5). This improvement was more striking in 
group 2 patients in whom the frequency of episodes 
was reduced by 62% than in group 1 patients in 
whom the frequency was reduced by 31%. Only two 
patients had nocturnal ST segment changes post- 
operatively, but these too were less frequent than 
during the preoperative period. 

Thirty four patients were catheterised post- 
operatively; ambulatory ST segment changes 
recurred in 12 of them. Graft patency rates were not 
significantly different in patients with (81%) and 
those without (86%) postoperative ambulatory ST 
segment changes (р> 0-05). Eight of the 12 patients 
with recurrence of ambulatory ST segment changes 
after operation had total occlusion or narrowing of 
one or more grafts. Three of the remaining four 
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Table 5 Frequency, duration, and magnitude of painless and patnful ambulatory ST segment changes before and after 
operation їп 16 patients with recurrence. of ST segment changes after operation 








Group 1 Group 2 
Pre Post Pre Post 
Number of panents with ST changes 
after operation 9 (28%) 1** (50%) 
Total number of episodes 49 (3) 3-4 (2 9)* 11-8 45 (3 3)** 
Nocturnal episodes 0 0 21(18) 0-4 (0 6)** 
Heart rate at onset (beats per minute) 97 (11) 107 (12)** 85 (15) 98 ay 
Duration (min) 23 (31) 27 (21) 37 (47) 34 (32 
Maximum magnitude of ST depression 
(mm) ae 15 (05)* 3-4 (1 3) 1:5 (0:5)* 
Number of painful episodes (рег 24 h) 16(13 02 (0 4)** 1501 6) 07(05)** 





*p <0 05, **p «0 01. 


patients had obstructive disease in ungrafted coro- 
nary arteries. 


Discussion 


After revascularisation 78% of patients had com- 
plete symptomatic relief of angina pectoris, and the 
frequency and severity of pain improved substan- 
tially in the remaining 22%. Treadmill exercise test- 
ing and ambulatory ST segment monitoring showed 
objective evidence of persistent postoperative myo- 
cardial ischaemia in 37%, of the patients; two thirds 
of these were symptom free. Several studies have 
highlighted the frequency of ambulatory ST seg- 
ment changes in patients with ischaemic heart 
disease, !*!5 and haemodynamic and functional mea- 
surements have shown that both painful and pain- 
free episodes of S'T segment change reflect myo- 
-cardial ischaemia.!9!? In this study, some patients 
were free of postoperative angina but continued to 
show ST segment changes indicating silent 
ischaemia during normal daily activities. 

Before operation patients with both daytime and 
nocturnal ischaemia had more severe coronary 
artery disease, a lower coronary reserve during exer- 
cise testing, and more frequent episodes of ambu- 
latory ST segment changes which were of longer 
duration and greater magnitude. Operation in these 
patients produced complete revascularisation in 
43%, and in the remaining 57% the severity of post- 
operative ischaemia was greatly improved. Noc- 
turnal resting ischaemia was abolished in all but two 
patients and in these the frequency was significantly 
reduced. Indeed, postoperatively there was no 
significant difference between the frequency, mag- 
nitude, and duration of ambulatory ST segment 
changes or the exercise tolerance between group 1 
and group 2 patients. Thus after revascularisation, 
patients with frequent nocturnal angina may also 
expect an improvement in their ischaemic threshold 


with either complete relief of pain or with mainly 
effort related ischaemia only. 

This study also demonstrates that freedom from 
angina postoperatively does not indicate absence of 
myocardial ischaemia, and even in patients who had 
recurrence of postoperative pain, angina frequency 
was a gross underestimate of the frequency of myo- 
cardial ischeemia as determined by ambulatory ST 
segment changes. The relative absence of pain post- 
operatively has been ascribed in previous studies to 
various factors such as interruption of afferent pain 
fibres, partial revascularisation, persistent col- 
laterals, and psychological factors.** Ambulatory ST 
segment monitoring accurately determines the ргез- 
ence, frequency, and magnitude of myocardial 
ischaemia. 

There was no significant difference in graft 
patency between patients in whom there was post- 
operative myocardial ischaemia either during ambu- 
latory monitoring or exercise testing, and those in 
whom there were no objective signs of inducible 
myocardial ischaemia after operation. Although 
some studies have shown a close correlation between 
graft patency, postoperative symptoms, and exercise 
тезїз, 71929 others,'® as in this study, have empha- 
sised the poor relation between these features. Some 
patients with postoperative ambulatory or exercise 
induced ST segment changes were shown to have all 
grafts patent. Most of these patients, however, had 
obstructive disease distally in grafted vessels or in 
other ungrafted vessels. Also, there were some 
patients with an occluded graft or a graft with poor 
distal flow where ST segment changes could be 
detected postoperatively. Thus, as well as graft 
patency, the extent and severity of coronary artery 
disease in small or ungrafted vessels and the state of 
the collateral circulation may also be important fac- 
tors in determining the recurrence of postoperative 
myocardial ischaemia and ST segment changes dur- 
ing ambulatory monitoring and exercise testing. 


Effects of myocardial revascularisation in patients with effort angina and effort and nocturnal angina 


This study demonstrates the importance of 
obtaining objective evidence of complete 
revascularisation after coronary artery bypass graft 
surgery. Ambulatory ST segment monitoring pro- 
vided an index of the frequency and magnitude of 
recurring myocardial ischaemia during normal daily 
activities, even though most episodes were free of 
pain. The prognostic implications of the occurrence 
of postoperative myocardial ischaemia need to be 
evaluated by long term follow up of this group of 
patients. 


We thank the British Heart Foundation for their 
support. 
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Doppler echocardiographic measurement of flow 
velocity in the ascending aorta during supine and 
upright exercise 


PATRICK J DALEY, KIRAN B SAGAR, L SAMUEL WANN 


From the Cardiology Division, Medical College of Wisconsin, Milwaukee County Medical Complex; and 
Zablocki Veterans Administration Medical Center, Milwaukee, Wisconsin, USA 


SUMMARY Doppler echocardiography was used to measure stroke volume, peak flow velocity, and 
acceleration of flow in the ascending aorta in 10 healthy young volunteers during unlimited supine 
bicycle exercise and upright treadmill exercise. High quality studies were obtained in all subjects 
through the suprasternal notch acoustic window; there was no appreciable degradation in 
Doppler signal caused by interference by increased respiration or chest wall motion. Stroke 
volume index increased from 54 ml/m? at rest to 63:5 ml/m? at peak supine exercise and from 38 
ml/m? standing at rest to 63-3 ml/m? during peak upright exercise. Mean peak flow velocity rose 
from 0-91 m/s at supine rest to 1:36 m/s during maximum supine exercise. In the upright position 
mean peak flow velocity increased from 0-75 m/s at rest to 1-39 m/s during maximum exercise. 
Mean peak velocities were lower in the upright position at rest but were not significantly different 
at peak exercise. Mean acceleration of flow in the ascending aorta increased from 12-02 m/s? 
during supine rest to 21:6 m/s? during supine exercise and from 10-8 m/s? at rest on the treadmill 
to 21-9 m/s? during peak upright exercise. 

This study shows that echocardiographic measurement of ascending aortic blood flow by the 
Doppler technique is feasible even during vigorous exercise; that stroke volume and peak flow 
velocity at rest are lower in the upright position than in the supine position but equalise at peak 
exercise; and that acceleration of flow in the ascending aorta is the same in both the supine and 
upright positions and increases equally at peak exercise in both positions. 


bicycle exercise and maximal upright treadmill exer- 
cise in the same subjects have not been compared 


The relative contributions of increments in stroke 
volume and heart rate to the increase in cardiac out- 


put which accompanies exercise have been exten- 
sively studied with variable and sometimes 
contradictory results.! ? No change in stroke vol- 
ume with exercise was found in early studies which 
used sonocardiometry to monitor left ventricular di- 
mensions during exercise.! Subsequently, several 
studies used dye dilution" $ or Fick methods? ^? to 
determine cardiac output and they showed an in- 
crease in stroke volume with exercise. Whereas 
invasive and non-invasive studies of the hae- 
modynamic response to exercise have been per- 
formed, measurements made during maximal supine 
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because of the technical limitations of available 
methods. Doppler echocardiography is suitable for 
such measurements and can be used to measure the 
velocity of blood flow in the ascending aorta during 
left ventricular ejection. Peak ascending aortic blood 
flow and acceleration of flow have been correlated 
with the maximum rate of rise of left ventricular 
pressure (dP/dt) and hence left ventricular func- 
tion.!?^15 Thus, changes in these variables with ex- 
ercise may be useful for the non-invasive detection 
of exercise induced left ventricular dysfunction. 
Normal values of peak velocity and acceleration of 
blood flow in the ascending aorta during exercise are 
not known. 

We have investigated the feasibility of performing 
Doppler echocardiography during exercise to mea- 
sure the effects of unlimited exercise on stroke vol- ` 
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Continuous wave Doppler echocardiographic recordings from the suprasternal notch at rest and during exercise in the 


upright (a) and supine (b) positions. Near the first beat during upright rest in (a) peak flow velocity is indicted by a large 


arrow and ejection time by a smaller double arrow. 


ume during supine bicycle exercise and upright 
treadmill exercise and to obtain normal values for 
rest and exercise aortic blood flow peak velocities 
and acceleration. 


Subjects and methods 


We studied 10 healthy adults (six men and four 
women) mean age 27 years (range 25-31 years). 
None had important cardiac disease. All gave in- 
formed consent to a protocol approved by the hu- 
man studies committee of the Medical College of 
Wisconsin. 

Supine exercise was performed on a bicycle er- 
gometer (Quinton) and was continued until exhaus- 


tion. The upper body was kept flat with the legs 
raised to approxiamately 30°. Haemodynamic data 
were obtained at rest with the feet raised and 
strapped in place on the bicycle ergometer. Exercise 
was initiated at 200 kpm/min and was increased 
every 3 minutes by 100 kpm/min (women) or 200 
kpm/min (men) (1 kpm/min 20-167 W). Upright 
exercise was performed on an automated treadmill 
(Marquette CASE) following the Bruce protocol 
Subjects exercised until exhaustion. During both 
supine and upright exercise, heart rate (electro- 
cardiogram) and blood pressure were measured, and 
Doppler echocardiography was performed at each 3 
minute workload. The rate-pressure product (heart 
rate x systolic blood pressure) was calculated at rest 
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and at peak exercise. Supine and upright studies 
were performed on different days so that the phys- 
ical effects from the initial study did not influence 
subsequent exercise performance. The subjects were 
encouraged to exercise for as long as possible, but 
not all of them achieved true maximal exertion. 

Doppler echocardiography was performed from 
the suprasternal notch with a 2 MHz dedicated 
Doppler transducer (Irex Medical Systems). To de- 
tect flow in the ascending aorta the transducer was 
angled anteriorly and to the right. Both graphic dis- 
play and audio signals were used to find peak veloc- 
ity envelopes with distinct borders (Fig. 1). Pulsed 
Doppler echocardiographic recordings obtained 7 to 
10 cm from the suprasternal notch were compared 
with continuous wave Doppler recordings to 
confirm that the latter measured flow in the as- 
cending aorta. When peak velocities exceeded the 
Nyquist limit of pulsed Doppler echocardiography 
during exercise only the continuous wave Doppler 
was used. 

Cardiac output was calculated from Doppler 
echocardiography using the following formula!*: 
CO (ml/min) = SVI (cm) x A (cm?) x HR (beats/ 
min); where CO is cardiac output; SVI is systolic 
velocity integral, À is the cross sectional area of the 
aorta, and HR is heart rate. 

The systolic velocity integral was determined by 
integrating the peak velocity curves (from systolic 
flow in the ascending aorta) over time. Peak velocity 
curves were integrated by computer (Franklin In- 
sight 2000) by digitising hardcopy data (Fig. 1). Pre- 
liminary studies of 12 recordings obtained in three 
subjects at rest and during both supine and upright 
exercise revealed inter- and intraobserver variability 
of less than 9°, no more than 0-1 m/s in any record- 
ing. Data for this study were obtained by one ob- 
server who was unaware of the other findings or the 
state of exercise. The cross sectional area of the aorta 
was determined by measuring the diameter of the 
aortic root at the annulus with M mode echo- 
cardiography guided by cross sectional echo- 
cardiography (Irex Medical Systems).'* The largest 
aortic diameter in systole and the diameter at end 
diastole were averaged.!* The area (A) of the aorta at 
the annulus was calculated as: A =л (diameter/2)?. 
Cardiac indices were determined by multiplying 
stroke volume indices and heart rate. 

Acceleration of flow in the ascending aorta was 
determined from hardcopy data and the formula: 
acceleration = У peak/TP. Time to peak velocity 
(TP) was calculated from the time of onset of flow to 
the time at which velocity of flow was maximal (V 
peak) (Fig. 1). 

Each of the study variables was analysed with a 
two way analysis of variance (four conditions by 10 
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subjects) and the least significant difference test was 
then used to assess specific сотрагіѕопѕ.! The four 
conditions were: (a) supine rest, (b) supine exercise, 
(c) upright rest, and (d) upright exercise. The F test 
for analysis of variance was significant for 10 (for 
(a) = (b) (c) 2 (d)). The least significant difference 
test was used to test (a) = (b), (а) = (c), (b) = (d), and 
(c) = (d). Data were summarised as mean and stan- 
dard deviation. A probability level of «0:05 was 
taken to indicate statistical significance. 








Results 


Good quality Doppler echocardiograms were ob- 
tained at rest and through all levels of exercise with- 
out difficulty. The mean stroke volume index was 
42^. higher in the supine position at rest than in the 
standing position at rest (p « 0-01). At peak exercise 
the mean stroke volume index was not significantly 
different in the supine and upright positions (Fig. 2). 
Whereas the mean stroke volume index increased by 
19%; from rest to peak exercise in the supine posi- 
tion, the increase (66% ) from rest to peak exercise in 
the upright position was far greater. Mean cardiac 
index was not significantly different at rest or peak 
exercise in the supine and upright positions. Al- 
though the mean resting heart rate was lower in the 
supine position than in the upright position, the 
difference was not statistically significant. At peak 
exercise the heart rate was lower in the supine posi- 
tion than in the upright position (p < 0-05) (Fig. 3). 

'The mean maximum heart rate at peak supine bi- 
cycle exercise was 138 beats/minute with individual 
values ranging from 112 beats/minute to 161 
beats/minute. During peak upright treadmill exer- 
cise the mean maximum heart rate was 151 
beats/minute with values ranging from 127 
beats/minute to 191 beats/minute. 

'The mean double product increased with exercise 
but was not significantly different in the supine and 
upright positions (Fig. 3). Mean peak blood flow ve- 
locity in the ascending aorta was 0-91 m/s at supine 
rest with the feet elevated and increased to 1:36 m/s 
during peak supine exercise (Fig. 4). At rest in the 
upright position mean peak velocity was 0-75 m/s 
and increased to 1-39 m/s during maximum upright 
exercise. Mean peak velocity was significantly lower 
in the upright position at rest (p < 0-05) than in the 
supine position but not at peak exercise (Fig. 4). 
Mean acceleration of blood flow in the ascending 
aorta increased from 12-02 m/s? during supine rest 
to 21-16 m/s? during supine exercise (р « 0-01). In 
the standing position mean acceleration increased 
from 10-8 m/s? at restto 21-9 m/s? during peak exer- 
cise (p<0-01). Mean acceleration was not 
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Fig.2' Changes in mean ( SD) stroke volume index and 
mean (SD) cardiac index during supine and upright exercise. 
Stroke volume index rose from 53-9 (6:3) ml|beat/m? fn the 
supine position at rest to 63-5 (8:8) ml|beat|m? at exercise 
and from 38 (6-7) ml|beat|m? upright at rest to 63 3 (9-9) . 
ml[beat|m? at:exercise: Cardiac index rose from 3-2 (0:4) 
ml[min|m? supine at rest to 8-7 (1-5) ml[min|m? at exercise ` 
and from 2 6 (0-3) 1|[min[m? upright at rest to 9-5 (13) 

I| min|m?^ during upright exercise. 


T different in ‘the supine and upright pos- 


itions (Fig. 4). à 
Discussion Em г 


The effects of exercise on cardiovascular function 
have intrigued investigators for.decades. The re- 
sponse of the heart to increased demand i is of funda- 
mental physiological importance and plays a major 
role in the clinical detection and quantification of 
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Fig.3 Changes in mean ( SD) heart rate and mean (SD) 
rate-pressure product during supine and upright exercise. 
Heart rate rose from 60 (9) beats/min at supine rest to 138 
(16) beats/min at exercise and from 71 (15) beats/min at 
upright rest to 151 (21) beats/min during exercise. Rate 
pressure product rose from,7-8 (1-7) at supine rest to 25-5 
(5-5) at exercise and from 8-7 (8) at upright rest to 25 (5) 
at exercise. 
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Fig.4 Changes n mean (SD) peak flow velocity and mean 
(SD) acceleration of flow in the ascending aorta during 
exercise. Peak flow velocity during supine rest was 0:9 (0 1) 
mis rising to 1 4 (0-2) m[s with exercise Upright resting 
peak velocity was 0-8 (0 1) m[s rising to 1 4 (0 3) mis with 
exercise. 


heart disease. While many studies have been per- 
formed to evaluate the haemodynamic response to 
exercise in the supine and upright positions, accu- 
rate methods of measuring variables such as stroke 
volume, peak velocity of ascending aortic blood flow, 
and acceleration of flow during high levels of exer- 
cise in both.the supine and upright positions have 
only recently become available. The accuracy of 


-Doppler echocardiography in measuring stroke vol- 


ume in subjects at rest has been clearly demon- 
strated.!*!7 ^1? The technique has also been used 
during low-level exercise in patients with mitral 
stenosis?? and in normal subjects.?! 

We have shown that Doppler echocardiography in 
which the suprasternal notch is used as an acoustic 
window can be performed in normal subjects during 
rigorous.exercise. Respiratory interference during 
exercise was not a major problem because the ultra- 
sound beam traversed the mediastinum to reach the 
ascending aorta and did not come into contact with 
the lung. In addition, lower frequency ultrasound 
has a better penetrating capacity and can be success- 
fully used in Doppler echocardiography. The high 
signal to noise ratio of the dedicated continuous 
wave Doppler system we used was particularly use- 
ful in obtaining diagnostic quality data at peak exer- 
cise. While.the success rate wil probably be less 
when large numbers of patients rather than healthy 
subjects are.studied with this technique, the ease 
with which we were able to record Doppler signals 
during exercise is encouraging. 

We found an increase in stroke volume and peak 
velocity of flow in the ascending aorta with exercise. 
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Table Stroke volume index measured by Doppler echocardiography during supine and upright rest and exercise 
Stroke volume index (тї{т?) Method 
Supine* Upright Cardiac output Upright 
exercise 
Rest Exercise Rest Exercise 
Wang et al (1960)* 53 60 32 59 Dye Treadmill 
Frick and Somer (1964)* 51 68 — — Fick — 
Bevegard er al (1966)' 56 68 38 63 Fick Bicycle 
Poliner et al (1980)? 42 58 30 54 Radionuclide Bicycle 
À angiography 
Medical College of Wisconsin 54 64 38 63 Doppler Treadmill 





* АП supine exercise performed on bicycle. 


At rest, stroke volume and peak velocity are greater 
in the supine than the upright position. Heart rate is 
slightly higher in the upright position to maintain 
cardiac output. During exercise in the supine posi- 
tion, stroke volume and peak velocity increase but 
not nearly to the degree that they increase in the 
upright position. During peak exercise, stroke vol- 
ume and peak velocity are not significantly different 
in the supine and upright positions. Acceleration of 
flow in the ascending aorta increased with exercise 
but was not significantly different in the supine and 
upright positions, suggesting that this variable is in- 
dependent of preload (Frank-Starling phenom- 
enon). 

The mechanism responsible for postural 
differences in the haemodynamic response to exer- 
cise is uncertain.'?’ Changes in stroke volume dur- 
ing exercise were not found in early studies,! but 
most subsequent data, like ours, showed an increase 
in stroke volume during exercise.’ !? ?? Increased 
myocardial contractility contributes to the increase 
in stroke volume with exercise.? ?? The role of the 
Frank-Starling mechanism is controversial; how- 
ever, recent data suggest that stroke volume during 
exercise is increased by a combination of the Frank- 
Starling mechanism and an enhanced contractile 
state.^* ^ 2° Changes in the preload of the left ventri- 
cle also contribute to changes in stroke volume. Ve- 
nous return is augmented in the supine position and 
this contributes to the greater stroke volume 
achieved. Raising the legs and strapping feet into 
place on the bicycle ergometer increased stroke vol- 
ume by 19% compared with stroke volume in the 
supine, legs flat position.? The muscle pump action 
of the legs is important in augmenting venous return 
in the upright position. During upright exercise 
when only the arms are used stroke volume is lower 
throughout exercise and never rises as high as stroke 
volume during upright exercise with the legs." Fi- 
nally, changes in systemic impedance are also of im- 
portance in causing changes in stroke volume.?* 


Thus increases in stroke volume with exercise are 
brought about by various interacting mechanisms. 
Our data show that these mechanisms result in simi- 
lar stroke volumes at peak exercise in the supine and 
upright positions whereas at rest stroke volume is 
lower in the upright position. 

In the Table we compare our results with those 
obtained in other studies of normal volunteers of 
similar age that used invasive techniques and radio- 
nuclide ventriculography. Using the cardiogreen 
dye indicator dilution method during supine and 
upright exercise, Wang et alf showed changes in car- 
diac output nearly identical to ours. Bevegard ег al’ 
and Frick and Somer® used the Fick principle to 
show changes in cardiac output with supine and up- 
right exercise similar to those we demonstrated with 
Doppler echocardiography. Using radionuclide ven- 
triculography, Poliner er al reported lower resting 
stroke volume indices than those found by others 
and they did not detect an increase in stroke volume 
with elevation of the legs in the supine position.?* 
The fact that our measurements of stroke volume by 
Doppler echocardiography correlated closely with 
stroke volume determined invasively confirms the 
accuracy of the Doppler technique. 

We also measured peak velocity and acceleration 
of flow in the ascending aorta at rest and during ex- 
ercise. In previous invasive studies a correlation be- 
tween ascending aortic blood flow velocity and left 
ventricular function was noted.'°~!? Acceleration of 
flow has been related to dP/dt and thus is regarded as 
an index of left ventricular function!? ^ !? Similarly, 
changes in peak flow velocity have been shown to 
reflect changes in left ventricular contraction induced 
by positive inotropic stimulation.'? After intra- 
venous propranolol, depression in myocardial func- 
tion can be detected by decreases in maximal blood 
flow velocity, acceleration, and dP/dt.!? Our data for 
peak flow velocity and acceleration are similar to 
those obtained by electromagnetic velocity sen- 
sors.!? Measurement of ascending aortic blood flow 


Doppler echocardiographic measurement of flow velocity in the ascending aorta 


velocity and acceleration by Doppler echo- 


‘cardiography provides a non-invasive means of as- 


sessing left ventricular function. Monitoring of 

these variables during exercise may allow detection 

of exercise induced left ventricular dysfunction. 
Exercise Doppler echocardiography may have 


“several limitations. We used an average of systolic 


and diastolic potential diameters to calculate cardiac 
output.!+28 Since we were unable to measure the 
aortic annulus diameter during exercise, we used the 
resting value to calculate stroke volume during exer- 
cise. This seems reasonable since aortic dimensions 
at the annulus do not change significantly when car- 
diac outputs are increased fourfold with dobutamine 
infusion. In an animal model too, it has been 
shown that aortic dimensions do not change 
significantly over a wide range of cardiac outputs.2? 
Nevertheless, determination of aortic diameter is a 
well known source of error when Doppler echo- 
cardiography is used to measure stroke volume. 

Limitations in Doppler instrumentation and tech- 
nique may prevent accurate recording of peak veloc- 
ity profiles, especially if only pulsed wave Doppler 
echocardiography is used. Care must be taken to lo- 
cate the peak velocity profile when the interrogating 
beam is parallel to flow in the ascending aorta. There 
may be difficulties when this method is used in older 
patients with cardiac disease who may not have 
laminar flow in the ascending aorta. 

We have demonstrated that stroke volume, peak 
velocity, and acceleration of ascending aortic blood 
flow can be measured by Doppler echocardiography 
during vigorous supine bicycle exercise and upright 
treadmill exercise. Different responses to supine and 
upright .exercise were shown by the technique, 
which appears to have considerable potential for 
evaluation of patients with known or suspected heart 
disease. 
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Sinus node sequences after atrial stimulation: 
similarities of effects of different methods 
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SUMMARY Sinoatrial conduction is commonly assessed from features of the intitial cycle after a 
single atrial extrastimulus or eight beats atrial pacing. In contrast, sinus node automaticity is 
assessed by the duration of the first interval after prolonged atrial pacing. The return cycle and 
initial sequences after these different methods were compared in 10 subjects with normal sinus 
node function and 30 patients with sick sinus syndrome. Typically, sequences after all three 
methods showed a maximally prolonged first interval with a progressive decrease over five or 
more cycles. A model of recovery from overdrive suppression was used to compute the elements 
of conduction time and automaticity in the first interval. The sequences which followed a single 
extrastimulus and pacing were similar, the only index which increased significantly with pro- 
longed pacing was associated with the degree of suppression of automaticity. The computed 
component of sinoatrial conduction in the return cycle was similar for all three methods. Thus all 
three conventional methods which consider only the initial post-stimulation interval measure 
both sinoatrial conduction and sinus node automaticity. The separate components of automaticity 


and conduction may be assessed by analysis of the total sequence. 


Assessment of sinus node function is important in , 


those patients presenting with symptoms suggestive 
of the sick sinus syndrome! in whom diagnostic elec- 
trocardiographic features are either absent of equiv- 
ocal. Investigations which may provide valuable 
additional information include prolonged ambu- 
latory electrocardiographic monitoring,?? assess- 
ment of the heart rate response to autonomic inter- 
ventions such as exercise and drugs,** and 
intracardiac electrophysiology study. 

Two basic procedures are used in the electro- 
physiological assessment of sinus node function. In 
the first the response to prolonged overdrive right 
atrial pacing for periods of between 30s and 5 min is 
assessed. ^? The interval between the last pacing 
stimulus and the first spontaneous atrial electro- 
gram, “the sinus node recovery time", has been 
widely used as a measure of sinus node automaticity. 
A variant of this index is the “corrected sinus node 
recovery time", which is the recovery time minus 
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the pre-pacing cycle length.? A second group of tests 
is used to assess sinoatrial conduction time; these are 
usually based on the responses of the sinus node to a 
single atrial extrastimulus.!? The response of the 
sinus node ta fixed rate pacing for eight beats at a 
cycle length just short enough to achieve atrial 
capture!! or more recently direct electrode record- 
ing of prepotentials from the sinus node region are 
alternative approaches.!? 7 !^ In recent years electro- 
physiological study has fallen out of favour, partly 
because of the considerable overlap of conventional 
indices between subjects with clinically normal 
sinus node function and those with abnormal sinus 
node function. 

A mathematical model of recovery of the sinus 
node after overdrive suppression has been devel- 
oped.!5 When this is applied to the sequences that 
follow one minute of overdrive atrial pacing, sepa- 
rate indices of sinoatrial conduction and sinus node 
automaticity can be derived. Preliminary obser- 
vations have suggested that the sequences that fol- 
low single atrial extrastimuli qualitatively resemble 
those that follow fixed rate pacing. 

We have applied this mathematical model to 
different pacing modalities to compare their effects 
on sinus node function. We hoped that this might 
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lead to the development of better methods for evalu- 
ation of sinus node function. 


Patients and methods 
PATIENT SELECTION 


Thirty patients, aged 18—93 years (mean (SD) 71(14) 
years) were diagnosed as having the sick sinus syn- 


drome on the basis of having symptoms of pre- 


syncope or syncope, and evidence of inappropriate 
sinus bradycardia, sinoatrial exit block, or sinus 
arrest. Many also had palpitation and evidence of 
atrial tachyarrhythmias, but these symptoms -by 
themselves were regarded as not being sufficient for 
diagnosis of the syndrome. 

Another 10 patients, aged 21—66 years (mean 
37(15) years), had clinically normal sinus node func- 
tion without a history of syncope of presyncope or 
bradyarrhythmias. These patients had electro- 
physiological study for investigation of regular, nar- 
row QRS complex tachycardias. 


ELECTROPHYSIOLOGICALSTUDY 

Multiple 6 French electrode catheters were posi- 
tioned under fluoroscopic control in fasting and 
non-sedated patients in whom cardioactive drugs 
has been discontinued for at least five elimination 
half-lives, and who had given their informed con- 
sent. À quadripolar electrode was positioned in the 
high right atrium for recording (proximal pair) and 
stimulating (distal pair), a tripolar electrode across 
the tricupsid valve to record the His bundle electro- 
gram, and a bipolar electrode in the right venticular 
apex. for stimulation. Intravenous hepann 5000 
units was given on completion of electrode place- 
ment. Programmed stimulation was performed with 
a Devices Neurolog isolated source stimulator. Sur- 
face electrocardiographic leads and three or four 
concurrent intracavitary electrograms were recorded 
at 100 mm/s chart speed on a Minograph Model 62 
recorder. 

After a ten minute rest period, cycle length was 
recorded for one minute. Programmed stimulation 
was then undertaken to obtain the following data: 
(a) Responses after fixed rate stimulation for one 
minute. Responses were assessed after three to five 
trials of one minute of overdrive high right atrial 
pacing at 100 beats per minute and at 130 beats per 
minute. À two minute rest period was allowed 
between each pacing trial. 

(b) Responses after fixed rate stimulation for eight 
beats. Pacing trials were repeated 10 times 1n each 
patient, sinoatrial conduction time being calculated 
as the increment in the immediate post-stimulation 
interval above the mean of 20 prepacing cycle 


lengths. 
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(c) Responses to single atrial premature stimuli. 
Stimuli with coupling interval A, were introduced 
after every eighth beat during sensed sinus rhythm. 
The first stimuli were placed at the end of diastole 
and the coupling interval was reduced by 10-20 ms 
until atrial refractoriness was detected. The sinus 
cycle lengths immediately preceding and following 
the premature stimulus were designated A, and A, 
respectively. 

The sequences following atrial stimulation were 
digitised by means of a Hewlett Packard Model 
9874A digitiser, 9872A plotter, and 9825A calcu- 
lator with programs specifically written for this pur- 
pose. The first post-pacing interval was measured 
from the pacıng spike to the imtial rapid deflection 
of the first spontaneous high right atrial electrogram. 
For all the sequences that followed these different 
methods of stimulation we plotted cycle length 
against beat number. In addition, from the 
responses to single extrastimuli we plotted the nor- 
malised return cycle (A,/A,) against the normalised 
test cycle (A,/A,). Sinoatrial conduction time was 
estimated from this plot as described by Strauss!° as 
the mean value of A, in the last third of the zone of 
reset minus the mean value of À,. 


MATHEMATICALMODEL 
'The mathematical model we used was developed by 
Dr Arieh Helfgott in this laboratory.!? In brief, if 
responses after overdrive suppression are the con- 
sequence of a single elimination or degradation pro- 
cess (such as clearance of extracellular potassium), 
and if constant action potential duration, constant 
difference between maximum diastolic and thresh- 
old potentials, capture and reset of the sinus node by 
all atrial extrastimuli, and absence of pacemaker 
shifts are assumed, recovery may be regarded as 
depending solely on the increase in the slope of 
phase 4 depolarisation.!? From this it can be shown 
that recovery and decrease in cycle length conforms 
to an exponential equation (Fig. 1): 
T,2T,-(T,-T4) q^! 
In this relation, j is an arbitrary notation for any beat 
in the sequence, Т, its cycle length, T „ the asymp- 
totic cycle length to which recovery tends, and q 1s 
simply a measure of the rate of recovery (the com- 
mon ratio) during the sequence. 


COMPUTATIONS 

Sequences were regarded as being suitable for fitting 
to the model if the following criteria were satisfied: 
(a) progressive decrease in post-pacing cycle length 
until at least the fifth interval, suggesting at least a 
degree of suppression of automaticity by atrial stim- 
ulation; (Б) there were no ectopic or escape beats in 
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8 ю 12 
Post-pacing beat number (J) 


Fig. 1 Schema illustrating sinus node recovery after atrial 
stimulation. Post-pacing cycle length 1s plotted against 
posi-pacing beat number, Closed circles represent measured 
mtervals and open circle the first interval extrapolated from 
the curve of best fit to the rest of the sequence. The first 
interval, the conventional sinus node recovery ( SNRT) has 
components relating to composite sinoatrial conduction time 
(SACT) and an automatic snus node mterval with an 
increment ( AT,) due to suppression of automaticity by atrial 
stimulation. As the sinus node recovers the subsequent 
sequence takes the form of an exponential (decaying 
geometric progression with common ratio, q) tending towards 
an asymptotic cycle length (T ,). Reproduced with 
permission from PACE, 1984;7:735-48. 


the sequence; (c) no change in P wave morphology 
or atrial activation sequence to suggest pacemaker 
shift to a focus other than the sinus node. 

Atrial electograms do not directly measure sinus 
node activity. In particular, after atrial stimulation 
which captures the sinus node, the first interval must 
contain two components; an automatic interval and 
an additional component of sinoatrial conduction 
into and out of the sinus node from the electrode 
(Fig. 2). If anterograde (sinoatrial) conduction time 
is regarded as being constant, then electrograms 
after the first cycle accurately measure the recovery 
of automaticity. Accordingly, we used a computer 
program based on non-linear least squares tech- 
niques to obtain the curve of best fit to the second 
and subsequent cycles of all “acceptable” sequences, 
and from these we extrapolated a tbeoretical first 
automatic cycle. Computed sinoatrial conduction 
time was then derived as the difference between the 
measured first post-pacing cycle length and this 
extrapolated theoretical first cycle length (see 
Results), In the relation described, potential indices 
of sinus node automaticity аге q, T',, and the 
increment in the first interval (T,) due to sup- 
pression of automaticity (AT, - T,— T 4). 

For successful fitting of sequences to the model 
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Fig.2 ‘Ladder diagram representing the nnus node (SN) 
and high right cirium (RA), and recording of high right 
atrial electrograms (A). R and S are the recording and 
stimulating pais of the atrial electrode catheter. After the 
last atrial extrestimulus which captures the SN (either with 
fixed rate pacing or a single extrastimulus), retrograde 
conduction ( CTa tn), the SN automatic interval (Ta), and 
anterograde conduction time ( CTa out) make up the first 
interval ( T, ) as recorded in the RA. If subsequent smoatrial 
conduction times are constant, the measured intervals T2, 
ТЗ, etc, reflect subsequent SN automanc intervals Tb, Tc, 
etc. Reproduced ший реттзпоп from PACE, 
1984;7:735—48. 





the following were regarded as necessary: (а) АТ,, 
computed sinoatrial conduction time and T, 0; 
(b) 1 >q>0; (c) residual mean square < 1000. The 
multiple correlation coefficient R? was used as a 
measure of goodness of fit and was usually > 0-98. 


STATISTICALANALYSIS 

Data are presented as means (1 SD). Indices in each 
group after single extrastimuli were compared with 
indices after atrial pacing be means of Student's 
paired t test. А given index in the two patient groups 
was compared by means of an unpaired Student's 
ttest. А p value «0-05 was regarded as significant. 


Results 


CLINICAL INDICES 

Tables 1 and 2 show basic electrophysiological data 
in the groups with normal and abnormal sinus node 
function respectively. Both mean age and resting 
cycle length were significantly greater in those with 
the sick sinus syndrome (p « 0-0001 for both). 


SINOATRIAL CONDUCTION TIME 
CALCULATED FROM ATRIAL 
EXTRASTIMULI 

In nine of 10 patients with normal sinus node func- 
tion and in 23 of 30 patients with the sick sinus syn- 








CL, resting cycle length, Т, Strauss 


Narula conduction ume determinations; 


and T 


SNR 


Table 2 Basc electrophystological data tn 30 patients with sick sinus syndrome 








Case CL T, T SNRT SNRT SACT SACT SACT computed after 
No (т) Straus Narula — 100 bpm 130bpm АРВ 
(reset) (ms) (ms) (ms) (ms) 8 beats APB 8 beats FRP FRP 
(ms) pacing (ms) pacing 100 bpm 130 bpm 
(ms) (тз) (ms) (ms) 
I 740 1120 860 1390 1250 141 116 115 nc 353 132 
2 1040 1307 1323 1267 1052 212 285 147 143 nc 206 
3 870 1198 1136 1287 1319 288 286 157 182 96 189 
4 905 1084 1080 1288 1615 188 199 217 142 261 523 
5 975 1133 1092 1246 1196 212 184 nc 163 244 237 
6 1130 1197 — 3699 4345 52 — nc — nc nc 
7 1210 1338 1675 2045 1777 nc 497 269 324 nc nc 
-8 1115 1256 1268 1426 1425 130 113 69 110 138 123 
9 1090 1236 1323 1227 957 162 114 98 91 nc 159 
10 1020 1243 1241 1340 1301 230 211 189 154 296 89 
11 730 1015 946 1767 2884 212 224 237 204 пс nc 
12 1140 1324 1346 1087 1079 131 148 61 106 132 23 
13 1450 1631 1626 1543 1491 72 84 ne 27 nc ne 
14 1000 1228 1238 1357 1585 192 220 ас 164 258 275 
15 1165 1405 1492 1279 1032 198 247 nc 81 137 пс 
16 1130 1333 1322 1542 1935 156 157 104 105 205 97 
17 1090 1193 1131 924 885 181 194 223 188 35 nc 
18 1300 nc — 1475 1594 пс — — — nc nc 
19 750 1014 — 1348 1568 nc — nc — 442 nc 
20 910 1343 — 1403 1344 nc -— 141 — 222 nc 
21 730 886 — 973 1093 157 — 103 — 131 178 
22 800 921 — 1082 923 nc — nc — 190 81 
23 1155 1066 — 1156 1152 291 — 111 — 94 135 
24 1225 1556 1497 1239 — 285 388 271 245 пс — 
25 825 1272 1320 1288 1301 209 240 126 143 143 330 
26 1020 1350 1421 939 2373 313 406 253 302 16 пс 
27 1040 840 1139 1121 1181 ne 304 nc nc 58 197 
28 1015 1182 1172 1280 1149 155 159 131 127 81 49 
29 935 1255 1277 1387 1455 309 270 nc 176 358 no 
30 1165 nc — 2036 2231 nc — — — nc nc 
Mean 1022 1212 1269 1415 1541 195 229 159 159 185 178 
(1 SD) 179 182 200 506 707 70 103 67 71 114 119 
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Table 1 Basu electrophystological data in 10 patients with normal sinus node function 
Case CL T, Т. $МЕТ SNRT SACT SACT SACT computed after 
No (ms) Strauss Narula 100 bpm — 130bpm АРВ 
(reset) (ms) (ms) (ms) (ms) 8 beats APB 8 beats FRP FRP 
(ms) pacing (ms) pacing 100 bom 130 bpm 
(ms) (ms) (ms) (ms) 
1 865 1108 1160 1242 1216 173 225 116 69 45 18 
2 815 1103 1093 1177 1210 168 145 nc 84 61 46 
3 430 629 625 — 626 124 94 nc 52 — 59 
4 820 883 1121 1154 1114 206 37 127 216 211 nc 
5 850 1090 1114 1189 1098 166 189 84 64 53 82 
6 690 868 873 921 886 124 175 nc 88 140 119 
7 580 696 — — 654 93 -— 84 — — 92 
8 900 1069 — 1185 1124 nc — 89 — 10 пс 
9 830 1003 989 1047 979 160 194 108 115 144 149 
10 745 944 947 869 956 281 237 111 91 68 208 
Mean 753 939 990 1085 986 166 204 103 97 92 96 
(1SD) 148 171 178 126 211 55 81 17 52 67 61 


Narula, mean first interval after single atrial extrastimulus or eight beats amal pacing during Strauss and 
Т, sinus node recovery ume, SACT APB, sinoatrial conduction ume after single extrasumuli, FRP, fixed rate 
pacing, SACT 8 beats pacing, sinoatrial conduction time after eight paced beats, 


—, not done; nc, unable to derive or compute sinoatrial conduction time 
after single extrastimulus from post-sumulauon sequence by application of the model. 





See footnote to Table 1 for abbreviations 
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Fig. 3 Electrocardiographic lead (І) showing prolongation of not only the first but also subsequent cycle 
lengths (їп ms) after a single atrial extrastimulus (S). (Measurements made from mtracardiac recordings). 


drome, sinoatrial conduction time after single extra- 
stimuli could be derived from the plot of АА, 
against A,/A, (Tables 1 and 2). In those in whom it 
could not be calculated, either the points were 
widely scattered or, in the patients with sick sinus 
syhdrome, there was no reset zone (3/7) or probable 
sinoatrial exit block (2/7). Sinoatrial conduction 
time in the patients with normal sinus node function 
(166 (55) ms) was not significantly different from 
that in the patients with sick sinus syndrome (195 
(70) ms). 


SINOATRIAL CONDUCTION TIME AFTER 
FIXED RATE ATRIAL PACING (EIGHT 
BEATS) 

In eight patients with normal sinus node function 
and in 22 patients with the sick sinus syndrome, 
sinoatrial conduction time was assessed by the 
method described by Narula et al,!! and mean val- 
ues were 204(81)ms and 229(103) ms, respectively 
(difference not significant). 


SINUS NODE RECOVERY TIME 

After atrial pacing at 100 beats per minute, mean 
sinus recovery time was significantly greater 
(p <0-0001) in the patients with sick sinus syndrome 
(1415 (506)ms) than in those with normal sinus 
node function (1085 (126)ms). The sinus node 
recovery time at 100 beats per minute could not be 
obtained in two patients with normal sinus node 
function whose resting cycle length was less than 
600 ms. Similar differences between those with nor- 
mal and abnormal sinus node function were found 
after pacing at 130 beats per minute. 


GROSS ANALYSIS OF SEQUENCES AFTER 
ATRIAL STIMULATON 

Figure 3 shows an electrocardiographic recording of 
the typical events after an atrial extrastimuli in the 
zone of reset. Figure 4 illustrates this result as a plot 
of cycle length against beat number. After the return 
cycle there was a progressive decrease in cycle 
length, indicating suppression and then progressive 
recovery of automaticity. 


Cycle length (ms) 





0 20 


40 60 
Beat number 
Fig. 4 Plot of cycle length against beat number during 
estimation of sinoatrial conduction time by single atrial 
extrastimulus (A,). For purposes of illustration, responses to 
many extrastimuli are excluded; all followed the same 
pattern. The extrastimuh are shown in the lower half of the 
figure. After these extrastimuh, sequences had a maxımally 
prolonged first interval in the return cycle (А,) and then a 
progressive decrease in subsequent cycles ( А, ,, А, +, etc). 
Reproduced with permission from PACE, 1984,7:735—48. 
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Cycle length decreased until after the fourth post- 
stimulation interval in seven of the 10 patients with 
normal sinus node function and 19 of the 30 with 
abnormal sinus node function, when test extra- 
stimuli were introduced during the zone of reset. 
This decrease often continued until the next extra- 
stimulus was given eight cycles later. 

In all eight patients with normal sinus node func- 
tion and in 20 of 22 with abnormal sinus node func- 
tion, sequences after atrial pacing for eight beats had 
the same form—that is with maximally prolonged 
first post- pacing interval and a decrease in subsegent 
cycles. Sinoatrial exit block and widely scattered 
cycle lengths made sequences in the other two 
patients with sick sinus syndrome unsuitable for 
detailed analysis by the model. Sequences of post- 
pacing intervals were similar in most of the trials 
after one minute of atrial pacing. Cycle length ten- 
ded to decline, irrespective of the pacing mode (after 
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pacing at 100 beats per minute 1n 27/30 trials in the 
patients with normal sinus node function and in 
56/95 trials 1n the patients with sick sinus syn- 
drome). Thus, the mathematical model could be 
used to compare the effects of the different methods. 


COMPUTED INDICES AND ANALYSIS OF 
SEQUENCES 

After single extrastimuli 

Thirty nine of the 45 sequences suitable for com- 
putation in those with normal sinus node function 
and 170 of 208 in patients with sick sinus syndrome 
were successfully fitted. With the exception of one 
patient with normal sinus node function and one 
with sick sinus syndrome, all 25 patients in whom 
indices could be computed were from the 32 in 
whom sinoatrial conduction time could be derived as 
described by Strauss et a/.!? In the other patients, 
scatter of cycle lengths, sinoatrial exit block, or fre- 
quent spontaneous extrasystoles prevented the deri- 
vation of either the conventional or the computed 
sinoatrial conduction time. When the Strauss con- 
duction time could be derived but the sequences 
were unsuitable for computation, the post-pacing 
sequences did not show decay of cycle length for 
more than four intervals. 

А comparison of results in the six patients with 
normal sinus node function and in the 17 with the 
sick sinus syndrome in whom sinoatrial conduction 
time after single extrastimuli could be derived con- 
ventionally and computed from the model showed 
that the computed sinoatrial conduction time was 
significantly less than the conventional sinoatrial 
conduction time in both patient groups (p «0:025 
for both). This 18 of course to be expected because 
computed sinoatrial conduction time is simply con- 
ventional sinoatrial conduction time minus an ele- 
ment AT, that we attribute to depression of sinus 
node automaticity. Of considerable importance, 
however, is the improved ability of computed sino- 
atrial conduction time to differentiate between 
patients with a sick sinus and those without. Mean 
computed sinoatrial conduction time in the controls 
was 103 ms with a standard deviation of 17 ms, giv- 
ing a “range” (mean (2 SD)) of 69-137 ms. Nine of 
the 18 patients with sick sinus syndrome (50%) fell 
outside this range. Mean sinoatrial conduction time 
derived by the method of Strauss was 166 ms with a 
standard deviation of 55ms, giving a “normal” 
range of 56-276 ms, which includes all but four of 
the sick sinus group. 

Of the indices of automaticity after an atrial pre- 
mature beat, T', was significantly greater in those 
with sick sinus syndrome (p «0-025), while q and 
AT, were not significantly different from values in 
patients with normal sinus node function. 
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After eight beats fixed rate pacing 

Computed indices in both groups of patients 
strongly resembled indices derived after single 
extrastimuli and overdrive pacing for one minute. 
The mean values of AT, were intermediate between 
those after single atrial extrastimuli and atrial pacing 
at 100 beats per minute and were not significantly 
different (178 (51) ms in controls and 172 (112) msin 
those with sick sinus syndrome) in the two patient 
groups. 

As was found after a single extrastimulus, com- 
puted sinoatrial conduction times (97 (52) ms in con- 
trols and 159 (71) ms ш the sick sinus syndrome) 
were significantly different (p« 0-025) in the two 
patient groups. Tœ was significantly longer in the 
group with sick sinus syndrome (1003 (187) ms) than 
in the controls (721 (111) ms, p « 0-0005). 


After one minute of fixed rate pacing 

The longer sinus node recovery time in patients with 
the sick sinus syndrome was associated with a 
significantly greater asymptotic cycle length T,, 
(p < 0-005) and computed sinoatnal conduction time 
(р<0 05). AT,, an index of the extent of sup- 
pression of the sinus node, was no different in con- 
trols and those with abnormal sinus node function. 
'The common ratio q was also similar between the 
two groups. 


COMPARISON OF RESULTS AFTER SINGLE 
EXTRASTIMULI AND AFTER FIXED RATE 
PACING 

Indices indicating effects of a single extrastimulus, 
eight beats, and one minute of atrial pacing are com- 
pared in Table 3. 'The mean value of the first post- 
stimulation cycle length was not significantly 
different in either group of patients after a single 
extrastimulus or atrial pacing for eight beats or one 
minute. 

Of all the computed indices, only AT, was 
significantly greater (р « 0-05) after fixed rate pacing 
(100 beats per minute) than after a single atrial 
extrastimulus. This held whether sinus node func- 
tion was normal or abnormal. The common ratio q 
increased significantly (p<0-05) with fixed rate 
pacing in those with the sick sinus syndrome but not 
in controls. The indices T „ and computed sinoatrial 
conduction time were not significantly different after 
the different methods of sbmulation. 


Discussion 


We examined in detail sequences that followed all 

pacing modalities used in conventional assessment 

of sinus node function. The "normal!" patients were 

not strictly a control group Gor patients with sick 
: [EE 
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Table 3 Comparison of computed indices after single extrastimuh and overdrive atrial paang 





Single extrastimuli 8 beats pacing Overdrive pacing Overdrive pacing 
а (1 mn, 100 bpm) (1 mn, 130 bpm) 
Normal 
T, (ms) 939 (171) 990 (178) 1085 (126) 986 (211) 
0 675 (0 155) 0 698 (0 136) 0 685 (0 090) 0 687 (0-100) 
in (ms) 136 (78) 178 (51) 249 (131) 188 (144) 
„(тв ) 736 (175) 721 e» 733 (75) „6T7 (111) 
Ced SACT (ms) 103 (5 97 (52) 92 (67) 96 (61) 
Sick sinus syndrome 
T, (ms) 1212 (182)* 1269 (200)* 1415 (506) 1541 (707) 
0 643 (0-155) 0 706 (0-101) 0-731 (0-087) 0-652 (0-174) 
Ат, (ms) 145 (143) 172 (il 254 (130) 249 (131 
Ты (ms) 919 (175) 1003 (187)* 887 (137)* 867 (148)* 
Computed SACT (ms) 159 (173) 159 (71) 185 (114)* 178 (1195* 


Т,, first post-stimulation cycle length, q, AT,, and T .., computed indices of automaucity; ЗАСТ, smoatrial conduction time (computed 


T, using model of sinus node 
function and those with sick sinus syn 


sinus syndrome, because they were significantly 
younger and aging itself affects sinus node 
function!ó; thus a case/control study with age 
matching is needed. 

Although the methods proposed for indirect 
assessment of sinoatrial conduction time,!?!! аге 
based on only the lengthening of the first post- 
stimulus interval after atrial extrastimulus and fixed 
rate atrial pacing for eight beats, they usually also 
reduce the prolongation of second and subsequent 
intervals. The time course of this ongoing depres- 
sion closely resembles that seen after prolonged 
atrial pacing and may be attributed to depressed 
automaticity of the sinus node. This suggests that 
sinoatríal conduction time as calculated by these 
methods is in fact a compound measurement com- 
posed partly of sinoatrial conduction time and partly 
of depressed sinus node automaticity. We used a 
mathematical model of overdrive suppression to 
identify the two separate components in the overall 
sequence of post-pacing intervals. The model allows 
us to compare the extent to which each of the pacing 
methods individually influences sinoatrial conduc- 
tion and sinus node automaticity. The model is not 
applicable to all patients since a few post-pacing 
sequences cannot be fitted to the model because of 
strong autonomic effects on the sinus node, sponta- 
neous atrial activity, and sinoatrial exit block. 

How valid is the model? It assumes that all sinus 
node cells follow the same process of recovery, that 
the anterograde sinoatrial conduction time of all 
cycles in the sequence is constant, and that there are 
no pacemaker shifts, or if these are present, that they 
contribute negligibly to the sinoatrial conduction 
time. There is evidence from animal experi- 
mentation that the cycle length changes seen after 
atrial extrastimuli relate to changes in the primary 
pacemaker location.!? Further, the atrial electrical 


recovery), ‘xp « 0 08 by t test for comparison of f grouped mean indices in those with normal sinus node 
drome. 


events do not correlate well with events within the 
sinus node.'® Even if the above assumptions are 
shown to be incorrect in man, certain conclusions 
can be drawn from this study which are most 
important in highlighting the limitations of widely 
used techniques of assessment. 


CONVENTIONAL METHODS OF 
DETERMINATION OF SINOATRIAL 
CONDUCTION TIME ARE IMPURE 

'The derivation of sinoatrial conduction time from 
Cycles that follow a single atrial extrastimulus or 
eight beats of fixed rate pacing assumes that the con- 
tribution of depression of automaticity is an 
insignificant part of the return cycle. The post- 
pacing sequences observed in this study strongly 
suggest tbat this does not hold. The results indicate 
that depression of automaticity either because of 
depression of the primary pacemaker, pacemaker 
shift,!" or both together, may contribute up to 50% 
of the prolongation of the return cycle over the pre- 
pacing cycle length. Although suppression of auto- 
maticity by atrial extrastimuli has been shown in 
both experimental animal preparations and in man!! 
it has been considered to be of only minor 
importance. 

Other factors affecting automaticity may also 
operate when sinoatrial conduction time is estimated 
by atrial pacing. At times, pacing at a cycle length 
within 30—50 ms of that of the sinus node may result 
in acceleration due to electronic interaction and 
shortening of action potential duration!? and iso- 
rhythmic sinoatrial dissociation.?? Furthermore, 
computed sinoatrial conduction time more reliably 
differentiates between controls and those with sick 
sinus syndrome than do conventional indirect meth- 
ods of estimation of sinoatrial conduction time. The 


Sequences after atrial stimulation 
Й 


mean computed values for sinoatrial conduction 
time showed a 56ms difference between sick sinus 
patients and controls. The difference derived con- 
ventionally from the same data was 29ms. This 
difference is compounded by the much reduced 
standard deviation of the computed sinoatrial con- 
duction time of the normal group (17 ms) as com- 
pared with the conventional sinoatrial conduction 
time (55ms). Thus only four sick sinus patients 
could be identified by conventional methods, 
whereas nine were identified by the computational 
method. 


SEQUENCES AFTER SINGLE ATRIAL 
EXTRASTIMULI AND FIXED RATE PACING 
ARE QUALITATIVELY SIMILAR AND DIFFER 
ONLY IN THE EXTENT OF SINUS NODE 
SUPPRESSION 

Observations on the sequences that follow both sin- 
gle atrial extrastimuli and atrial pacing showed that 
most had a maximally extended first interval with a 
decline in the prolongation in subsequent cycles. 
The most obvious effect of prolonged pacing was 
greater suppression of automaticity (reflected by 
AT), and this effect occurred whether sinus node 
function was normal or abnormal. Other indices 
computed by fit to the model showed pronounced 
similarity. In particular, the different methods of 
stimulation gave the same mean computed sinoatrial 
conduction time. The asymptotic cycle length that 
followed recovery was no different with the various 
methods and probably reflects only resting sinus 
node automaticity. 


SUPPRESSION OF THE SINUS NODE BY 
OVERDRIVE IS THE SAME IN PATIENTS 
WITH NORMAL AND ABNORMAL SINUS NODE 
FUNCTION 

The only indices of automaticity which differed 
significantly between the two patients groups were 
resting cycle length and T „ (which as discussed may 
be primarily dependent on resting cycle length). As 
not only resting cycle lengths but also mean age were 
significantly different in those with normal and 
abnormal sinus node function, indices relating to 
this cycle length may have been less discriminatory 
if patients of similar ages had been compared. 

In conclusion, this study suggests that previously 
used stimulation methods for electrophysiological 
testing of sinus node function (sinus node recovery 
time and sinoatrial conduction time derived from 
the first interval after atrial single extrastimuli or 
atrial pacing) are qualitatively similar and differ only 
in the extent of pacemaker suppression that they 
produce. The fact that they measure both sinoatrial 
conduction and sinus node automaticity may explain 
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their frequent failure to distinguish between normal 
and abnormal function, given the heterogeneous 
nature of bradyarrhythmias with which patients 
present. It might be expected that sinus node func- 
tion will be better assessed by pure indices of auto- 
maticity or conduction, the latter obtained either 
directly by electrode recording!?^ !^ or from appli- 
cation of simplified versions of the mathematical 
model. 
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Preoperative and postoperative pulmonary function 
tests in patients with atrial septal defect and their 
relation to pulmonary artery pressure and 
pulmonary:systemic flow ratio 


P M SCHOFIELD, P V BARBER, T KINGSTON 
From the Regional Cardiothoracic Centre, Wythenshawe Hospital, Manchester 


SUMMARY Pulmonary diffusing properties and lung volumes were investigated in 44 patients with 
atrial septal defect, and in 30 of them preoperative and postoperative data were obtained. The 
patients were divided into three groups according to mean pulmonary artery pressure: <15 mm 
Hg (group 1), 16-29 mm Hg (group 2), and >30 mm Hg (group 3). Patients in groups 1 and 2 
had a high carbon monoxide transfer test which became normal after surgical correction of their 
septal defect. In group 3, the carbon monoxide transfer test was normal both before and after 
operation. As mean pulmonary artery pressure increased there was a progressive reduction in both 
forced expiratory volume in one second and vital capacity. Patients in group 3 had a low forced 
expiratory volume in one second, a low vital capacity, and a reduced forced expiratory volume in 
one second:vital capacity ratio. These abnormalities were not corrected by surgical closure of the 
septal defect. 

Formulas were derived from the lung function data, to predict the mean pulmonary artery 
pressure and the pulmonary:systemic flow ratio. The values predicted when these two formulas 


were applied to data obtained for patients in this study correlated well with measured values. 


In most studies the carbon monoxide transfer test 
(T,co) has been found to be increased in patients 
with atrial septal деѓесг.! $ It has been suggested 
that this change is due to an increase in capillary 
blood volume." ® A study by De Troyer et al showed 
that patients with atrial septal defect complicated by 
pulmonary hypertension had reduced lung volumes 
and increased airway resistance. 

There have been few studies measuring T, co and 
lung volumes after surgical correction of atrial septal 
defects. Bucci et al reported seven patients with 
atrial septal defect in whom Т, co and capillary blood 
volume returned to normal after operation.? The 
present study was designed to investigate the effects 
on pulmonary function of surgical closure and also to 
determine whether pulmonary function tests could 
be used to predict mean pulmonary artery pressure 

Requests for reprints to Dr Peter M Schofield, Cardiology Arca B, 
Wythenshawe Hospital, Southmoor Road, Wythenshawe, Man- 
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or the pulmonary:systemic flow ratio in patients with 
atrial septal defect. 


Patients and methods 


Forty four consecutive patients (aged 11—60 years) 
with atrial septal defect presenting over a three year 
period were studied; 43 had ostium secundum de- 
fects and one had an ostium primum defect. All pa- 
tients with additional cardiac lesions were excluded, 
and no subject had evidence of primary pulmonary 
disease. In each case right heart catheterisation was 
performed to confirm the diagnosis, the mean pul- 
monary artery pressure was measured, and the pul- 
monary:systemic flow ratio was calculated by 
oximetry.!? 

The pulmonary function tests were all carried out 
with the patient 1n the sitting position. Lung vol- 
umes were measured with a conventional water- 
sealed spirometer (Gould-Goddard expirograph 
type 16000). The total lung capacity was measured 
with the same apparatus, by means of a steady-state 
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helium dilution method. The results were compared 
with predicted values.!! !^ The Morgan transfer 
test model C, a single-breath technique, was used to 
measure the lung carbon monoxide uptake. The pre- 
dicted values for T, co are those of Morgan.!? In all 
cases, the interval between pulmonary function test- 
ing and cardiac catheterisation was less than six 
weeks. А control group of 50 subjects who were 
attending a gastroenterology outpatient clinic had 
the same pulmonary function measurements taken 
during the same period of time. 

Of the 44 patients in the study, 30 had pulmonary 
function tests repeated after surgical correction of 
their atríal septal defect. The remaining 14 patients 
included five who did not have operation (three had 
small shunts and two had severe pulmonary hyper- 
tension) and nine in whom repeat pulmonary func- 
tion tests were not performed. 

The observed and predicted values for lung vol- 
umes and T, co were compared by the paired г test. 
Statistical analysis by multiple linear regression was 
used to investigate the relation between pulmonary 
function tests and data obtained at cardiac cath- 
eterisation. 


Results 


The 44 patients in the study were divided into three 
groups according to their mean pulmonary artery 
pressure: group 1 (<15 mm Hg), group 2 (16-29 mm 
Hg), and group 3 (230 mm Hg). These groups are 
similar to those studied by De Troyer et al. Their 
age, smoking habits (a “smoker” had smoked five or 
more cigarettes each day for at least the two previous 
years), and haemodynamic characteristics are shown 
in Table 1. The frequency of smoking in each of the 
three groups was similar. 

Table 2 gives preoperative pulmonary volumes 
and T, co values. There was a progressive reduction 
in forced expiratory volume in one second and vital 
capacity as mean pulmonary artery pressure in- 
creased; in groups 2 and 3 values were significantly 
(paired г test) lower than predicted. There were 
significant inverse correlations of forced expiratory 
volume in one second (r 2 —0-45; p « 0-01) and vital 


Table 1 
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capacity (r— —0-32; p « 0-05) with mean pulmonary 
artery pressure. The ratio of forced expiratory vol- 
ume in one second:vital capacity also correlated in- 
versely (x = —0-52; p « 0-001) with mean pulmonary 
artery pressure (Fig. 1). The total lung capacity did 
not differ significantly from predicted values in any 
of the groups. There was a striking increase in Tj co 
in groups 1 and 2 (p « 0-001), whereas patients with 
a mean pulmonary artery pressure of >30 mm Hg 
had a normal value. The T co showed a significant 
inverse correlation (r= —0 52; p « 0:001) with mean 
pulmonary artery pressure (Fig. 2), and Fig. 3 shows 
that mean pulmonary artery pressure increased with 
age (r=0-66; p « 0-001). Р 

Table 3 shows the pulmonary volumes and T, co 
measured after surgical correction of the atrial septal 
defect and the interval between operation and lung 
function testing in 30 patients. The reduced forced 
expiratory volume in one second and vital capacity 
associated with a mean pulmonary artery pressure 
>30 mm Hg did not become normal after operation; 
they remained significantly lower than predicted 
(p<0-01). The pronounced increase in T, co noted 
in groups 1 and 2 before operation became normal 
postoperatively. 

Backward stepwise multiple linear regression 
showed that mean pulmonary artery pressure cor- 
related positively with age (Fig. 3) and inversely with 
'T,co (Fig. 2). A formula was derived from these 
variables to predict the mean pulmonary artery pres- 
sure (P): 


Predicted P, = К, х age qc -ks 
L 


with age in years, T CO as percentage of predicted, 
and k,, 0-483, k;, 3246, and k4, 19-1. This regression 
was highly significant (p <0 001, R?=63%) and al- 
lowed good prediction 1n most cases (Fig. 4). Within 
the measured range of mean pulmonary artery pres- 
sure (10—45 mm Hg) the predicted values are even 
more reliable. The addition of forced expiratory vol- 
ume in one second and vital capacity to the formula 
did not improve the degree of prediction of mean 
pulmonary artery pressure. 

Backward stepwise multiple linear regression 


Data on 44 patients studied with atrial septal defect (mean (SD)) 





Age (years) Smokers (%) 
Group 1 217(9 1) 313 
(n= 16) 
Group 2 32:3 (12 6) 308 
(n= 13) 
roup 3 47-4(6 2) 333 


Ppa (mm Hg) P:S flow ratio 
126(23) 2 72(0 67) 
207(26) 347(113) 
39-3(115) 275(1 11) 





Р, mean pulmonary artery pressure. 
P-S flow ratio, rano between pulmonary and systemic blood flows. 
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Table 2 Preoperative pulmonary volumes and diffusing properties in 44 patients with atrial septal defect (mean (SD) ) 





FEY, (1) VC (1) FEV [УС (95) TLC (1) T, CO (mljminjmm Hg) 
Group 1 2-81 (071) 3 44(0:91) 82 5(7-2)t 4 96 (0 94) 33-8 (6 1) 
(n=16) _ (286(044)* (3 76(0 60) (76:2(0 8)) (4 79 (0 98)) (26-1(4 1) 
Group 2 2 39 (0-83) 3 02(1 13) 79 5(6 5) 4 59 (1 40) 35 165% 
(n= 13) (2:77 (0 54) (3 65(0-72) (75 9(0 6)) (488 (1 05)) (26 4(4 4) 
Group 3 17400 73) 2 54(0 87) 67 7(92) 4 62(1 27) 27 0(69 
(n=15) (2:83(0 57) (3 72(0 76) (59 1) (4 58(0 90)) (24 9 (41) 


——————————— Á———— ————————————— 
FEV,, forced expiratory volume in one second; VC, vital city; TLC, total lung capacity, T,co, carbon monoxide transfer test. 
t $ i cred” 


*Figures in parentheses are predicted values (mean (SD)). 1 
predicted (p <0 001). 


showed that the pulmonary:systernic flow ratio did 
not correlate with the age of the patient, the forced 
expiratory volume in one second, or the vital capac- 
ity when these were expressed as a percentage of 
predicted values (r= —0-16, r= —0:15, r=—0-14 
respectively). There was, however, a significant cor- 
relation between pulmonary:systemic flow ratio and 
Т, CO expressed as percentage of predicted (r —0-45, 
р <0:005) (Fig. 5). It was interesting to note that a 
pulmonary:systemic flow ratio of 4 or 5 produced 
'T,co values rising to 160-170% of predicted, since 
similar T, CO measurements have been obtained in 
normal subjects on maximum exertion, when cardiac 
output is four or five times that of normal.! T, co 
was used to derive a formula to predict the ratio 
between pulmonary and systemic blood flow (P:S 
flow ratio): Predicted log; P:S flow ratio =k, logy 
Түсо—Кь; where T,co is percentage of predicted, 
k,, 1:015; and k,, 1 673. Again, this regression was 
highly significant (p<0-001, R?=40%) (Fig. 6). 
When this formula was used to predict a pulmonary: 
systemic flow ratio of >2, or <2, the prediction was 
correct in 38 of the 44 cases studied. The horizontal 
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Fig. 1 Ratio of forced expiratory volume in one second to 
vital capacity (FEV ,:VC %) versus measured mean 
pulmonary artery pressure {P pa) in 44 patients ший atrial 
septal defect. 


cantly different from predi 


(p «0 01). tSignificantly different from 


and vertical lines ın Fig. 6 correspond to a pul- 
monary:systemic flow ratio of 2, predicted and mea- 
sured respectively. 

The size of the shunt ш patients with atrial septal 
defect is also reflected by the pulmonary artery oxy- 
gen saturation. It is noteworthy that T, СО, expressed 
as percentage of predicted, correlated significantly 
(10-60; p « 0-001) with the pulmonary arterial oxy- 
gen saturation (Fig. 7). 

The pulmonary volumes and T,co measured in 
the control group did not differ significantly from 
predicted values. 


Discussion 


The increase in T,co in some patients with atrial 
septal defect 1s well established,! © and occurs as а 
consequence of an increase in capillary blood vol- 
ume." ? In the study by De Troyer et al of 24 patients 
with atrial septal defect, T, Co was not increased in 
patients with mean pulmonary artery pressure > 25 
mm Hg. The finding of a normal or low T, co in the 
presence of pulmonary hypertension has also been 
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Fig. 2 Carbon monoxide transfer test ( T,CO) as 
percentage of predicted versus measured mean pulmonary 


artery pressure (P,,) 1n 44 patients with atrial septal 
defect. 
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Fig. 3 Relation between аре and measured mean 
pulmonary artery pressure (Ppa) in 44 patients with atrial 
septal defect. 


described by Burgess.? The results from our larger 
study therefore accord with those of most other in- 
vestigators, in that patients with a mean pulmonary 
artery pressure >30 mm Hg had a normal T,co. It 
has been suggested? ? that the chronic increase in 
pulmonary blood flow results in the opening of pre- 
viously closed pulmonary capillaries and possibly 
distension of open capillaries and that this increases 
capillary blood volume and Т, со. The presence of 
pulmonary hypertension, however, and an increased 
pulmonary vascular resistance limits the increase in 
capillary blood volume and Т, co. Bucci et al have 
suggested that there is sorne active regulation of the 
resistance of the prepulmonary and postpulmonary 
capillary vessels which affects capillary blood vol- 
ume. 

"There was a progressive fall in both forced ex- 
piratory volume in one second and vital capacity as 
mean pulmonary artery pressure increased. In pa- 
tients with a mean pulmonary artery pressure of >30 


Schofield, Barber, Kingston 





Fig. 4 Measured versus predicted mean pulmonary artery 
pressure (PA) from К, x age + kj]|T,cOo — ky. T,CO 1 
carbon monoxide transfer test. 


mm Hg, the forced expiratory volume in one sec- 
ond:vital capacity ratio was significantly lower than 
predicted. As there was no significant difference in 
the percentage of smokers in each group, the changes 
are unlikely to be the consequence of smoking habits. 
'These findings are consistent with those of De 
Troyer et al who described reduced Jung volumes 
and increased airway resistance in patients with 
mean pulmonary artery pressure >25mmHg.° 
They reported a progressive decrease in lung com- 
pliance with increasing pulmonary hypertension, 
due to vascular engorgement. Their results also sug- 
gested that the obstruction to airflow was mainly 
localised in the small peripheral bronchioles. It has 
been postulated!” that competition for space be- 
tween vessels and airways within the bron- 
chovascular sheaths increases the resistance of the 
small airways. Other studies in children with heart 
disease!? and in adults!? support this theory. 
Bucci et al reported seven patients with atrial sep- 
tal defect in whom T, co and capillary blood volume 
decreased to within normal limits after surgical cor- 


Table 3 Preoperative and postoperative pulmonary volumes and diffusing properties in 30 patients with atrial septal 


defect (mean (SD)) 





FEV, (1) VC (1) 
Group 1 (ns 11): 
Preoperative 2 85 (0-62) 3 55 (0 80) 
Postoperative 3 02(0 79) 3 46 (0 75) 
(2:81 (0'44))* (3 69 (0 58)) 
Group 2 (n=9) 
Preoperative 2 43(0 90) 3 14(128) 
Postoperative 25701 13) 3-41 {1 55) 
(2 81 (0 55)) (3 70 (0 74)) 
Group 3 (n=10) 
Preoperanve 1 89 (0 84) 273(0 aot 
Postoperative 196(0 ERI 2 80 (0 99 
(2-92 (0 60)) (3 84 (0-80) 


T,CO (miin|mm Hg) Months after operation 
34 ҢА 2t 

27 9(54 42 

(26-5 (4 6)) 

350(7 6)t 

27-6(7 6 39 

(25 8(4 5) 

29 8(65) 

249(71) 33 

(25-4 (4-2)) 





Abbreviations are given in footnote to Table 2. 


*Figures in parentheses ere predicted values (mean (SD)). 1 Significantly different from predicted (p « 0 01). {Significantly different from 


predicted (p «0 001) 
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Preoperative and postoperative pulmonary function tests in patients with atrial septal defect 
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Fig. 5 Carbon monoxide transfer test ( T,CO) as 
percentage of predicted versus pulmonary :systemic flow 
ratio (P:S flow ratio) in 44 patients with atrial septal 
defect. 


rection of their cardiac abnormality.? Auchincloss et 
al? reported two cases in which T, co became normal 
after closure of the defect. In our study, 30 patients 
had 'T;Co measured before and after operation. In 
the 20 cases with mean pulmonary artery pressure 
«30 mm Hg the high T, co values became normal 
after surgical correction; in the remainder with mean 
pulmonary artery pressure >30mm Hg, T,co was 
within normal limits before and after operation. 
These results suggest that the re-establishment of 
normal haemodynamic conditions is followed by a 
return towards normal of-the pulmonary capillary 
bed. It is of interest that in patients with mean pul- 
monary artery pressure >30 mm Hg, the low forced 
expiratory volume in one second and vital capacity 
did not return to normal after surgical correction of 
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Fig. 6 Measured versus predicted ratio between 
pulmonary and systemic blood flow (P:S flow ratio). 
Predicted log, P.S flow ratio = k, x log;,9T, CO — ky. 
Т,СО is carbon monoxide transfer test. 
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Fig. 7 Carbon monoxide transfer test (T,CO) as 


percentage of predicted versus pulmonary arterial oxygen 
saturation m 44 patients with atrial septal defect. 


the atrial septal defect. This suggests that there is 
some permanent irreversible change in the small air- 
ways and lung parenchyma as a consequence of long- 
standing increased pulmonary blood flow. 

The formula derived to predict mean pulmonary 
artery pressure involved two variables—age (years) 
and Т, со (percentage of predicted). The regression 
was highly significant and allowed good prediction of 
mean pulmonary artery pressure particularly within 
the measured range of 10—45 mm Hg. The ratio of 
pulmonary to systemic flow is generally considered 
to be the best overall indication of the hae- 
modynamic importance of an atrial septal defect. А1- 
though a value of 2 or more is usually considered to 
indicate an important defect, the measurement is 
itself subject to error. When logio T,co (as per- 
centage of predicted) was used to predict log; pul- 
monary:systemic flow ratio, the regression was 
highly significant. When the formula was used to 
predict whether the pulmonary:systemic flow ratio 
was > 2 ог <2 the prediction was correct in 86% of 
patients. The pulmonary arterial oxygen saturation, 
which reflects shunt size, also correlated with T, co 
expressed as a percentage of that predicted. 

In recent years radionuclide angiography?? and 
echocardiography?! have provided information in 
patients with atrial septal defect that previously 
could be obtained only by invasive techniques. It has 
been suggested that routine preoperative cath- 
eterisation may be unnecessary when typical clinical 
features of an uncomplicated atrial septal defect аге 
confirmed by cross sectional echocardiography and, 
when indicated, other non-invasive tests.?? ?? It is 
possible that the techniques we describe for predict- 
ing mean pulmonary artery pressure and the pul- 
monary:systemic flow ratio could provide useful 
additional information in the assessment and follow 
up of patients with atrial septal defect and thereby 
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increase confidence in management decisions made 
without cardiac catheterisation. At this stage, how- 
ever, the formulas have only been tested on the pop- 
ulation from which the predictions were derived. 


We thank Dr C L Bray, Dr C Ward, and Dr DH 
Bennett for allowing us to study patients under their 
care; and Dr S S Chaterjee for the use of the 
respiratory physiology laboratory. 
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Congenital heart malformations in the first year 
of life—a necropsy study 


ANITA S HEGERTY, ROBERT H ANDERSON, SIEW YEN HO 
From the Department of Paediatrics, Cardiothoracic Institute, London 


SUMMARY The hearts of 291 babies with congenital heart disease who died before the age of one 
were examined systematically by sequential segmental analysis to determine the lesions that were 
present. There was an abnormal connection between the cardiac segments in one third of cases. 
Patient ductus arteriosus, which is usually a common defect, was not an important finding at 
necropsy, whereas common arterial trunk (a rare defect) was found in 10%. The clinical and 
necropsy incidence of complete transposition was similar to that reported in earlier studies. The 
incidence of some lesions present at necropsy (for example Fallot’s tetralogy) has altered over the 
past 10 years. A decline in the frequency with which a lesion is detected at necropsy may indicate 
advances in treatment or differences in classification. The presence of additional lesions 
influences the prognosis and subcategorisation within the major defect groupings gave some 


insight into the cause of death in many of the cases. 


In the West congenital heart disease is the most 
common cardiac condition of childhood. It may 
affect as many as 2% of livebirths!? and many babies 
with congenital heart disease die within the first few 
weeks of life. More die, with or without surgical 
intervention, before the end of their first year. 
More specific classification of these cardiac lesions 
depends on a systematic approach to the diagnosis of 
congenital heart malformations, such as that pro- 


- posed by Van Praagh.? With some modifications* we 


have used this approach to analyse a Jarge series of 
necropsy cases aged one year and younger collected 
over the past ten years at this hospital. 


Patients and methods 


We studied 291 hearts from patients who died 
within the first year of life. These hearts comprised 
72% of the 403 specimens that were collected by the 
Paediatric Cardiac Morphology Laboratory, Car- 
diothoracic Institute, University of London from 
October 1974 to October 1984. Most came from 
patients attending the Brompton Hospital, while a 
small proportion were referred from other centres in 
the United Kingdom. 


Requests for reprints to Dr S Y Ho, Cardiothoracic Institute, 
Fulham Road, London SW3 6HP 
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The specimens were divided into two age 
groups—those aged « 4 weeks and those aged from 4 
weeks to one year. 

We systematically examined cach heart by a 
sequential segmental approach* and noted any 
abnormal connections or arrangements of the car- 
diac segments. We then ascribed a primary diagnosis 
to each heart. Hearts which showed an absent left 
atrioventricular connection, with a main chamber of 
right ventricular morphology (classical mitral 
atresia) and hearts with an imperforate mitral valve 
were grouped with specimens having aortic atresia. 
This was so that our series could be compared with 
clinical series in which these conditions were com- 
bined. In hearts with multiple lesions the primary 
lesion was the one regarded as being of greatest mor- 
phological importance. In some cases these primary 
lesions were further categorised by subgroup. 

'The incidence of each lesion in both age groups 
was calculated as a percentage. This necropsy inci- 
dence was compared with the clinical incidence at 
the Brompton Hospital,* and both these sets of data 
were then compared with data from other centres.°” 


Results 
Table 1 shows the sequential segmental arrange- 


ment and connections in the hearts that we exam- 
ined. Two of the four specimens with left atrial 
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Table l Sequential segmental arrangement and connections 
of hearts from 291 cases «1 year 





= 
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Atal arrangement: 

Normal (situs solitus) 276 
Right atrial isomensm 11 
Left atrial isomerism 4 

Atrioventricular connection 
Concordant 246 
Discordant 1 
Biventricular ambiguous connection 

Left hand topology (1 loop) 3 

4 
4 
4 
4 
1 
6 
1 
16 
1 


og mwt 


© 


Right hand toplogy (d loop) 
Double inlet 

Right ventricle 

Left ventricle 

Indeterminate ventricle 
Absent right connection 

Dominant right ventricle 

Domunant left ventricle 

Indeterminate ventricle 
Absent left connection 

Dominant ы! ventricle 

Domunant left ventricle 

Ventriculoartenal connection 


pee 


ou ONO + 
seo х 5 с eo WA We ыо > oe ~ о ол сосы 


Double outlet 
Right ventricle 28 
Left ventricle 4 
Indetermunate ventricle 4 

Single outlet 
Common arterial trunk 23 

Pulmonary trunk 9 

Aortic trunk 37 


=r Фф 


А 
Bor 





isomerism showed an ambiguous biventricular 
atrioventricular connection. Each сае was 
connected to a ventricular mass having right hand 
topology (d loop). Five of the 11 cases of right atrial 
isomerism had ambiguous connections. Two cases 
had right hand ventricular topology and three had 
left hand topology (1 loop). There was a uni- 
ventricular atrioventricular connection in 37 speci- 
mens. There were 17 examples of absent left atrio- 
ventricular connection, of which 16 cases were 
classic mitral atresia. In each of these, the nght 
atrium was connected to a dominant right ventricle. 
In the remaining case the right atrium drained to a 
dominant left ventricle. 

Sixty per cent of the cases had concordant 
ventriculoarterial connections. There were discor- 
dant connections in 32 (11%) hearts. There were 36 
(12-495) specimens with double outlet connection. 
The remaining 69 (23-795) cases had single outlet 
connections. , 

Thirteen primary lesions were identified; each 
accounted for more than 4% of the necropsy cases 
(Table 2). Each group was subdivided to give a more 
comprehensive view of the spectrum of mal- 
formations (Table 3). Data on surgical experience 
are also included. The most frequent condition 
found at necropsy ın the first month of life was com- 
mon arterial trunk. Fifteen (9-995) of the 151 hearts 
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had this lesion (Table 3). Of the 15, five cases had 
the additicnal lesion of interruption of the aortic 
arch and a further two cases had other arch anoma- 
hes. Another two cases showed truncal valve incom- 
petence. Total correction had been attempted in one 
case with interruption and in two other cases. This 
lesion also showed an appreciable incidence in the 
older grovp, accounting for 5-7%, of hearts from 
those aged between one month and one year. Of the 
eight cases, three had truncal valve stenosis and one 
of these also had major accessory systemic- 
pulmonary collateral arteries. Another case had par- 
tial anomalous pulmonary venous connection and a 
fifth had arch hypoplasia. Four cases had undergone 
complete repair, after which one case developed 
atrioventricular heart block. А palliative operation 
had been performed on one heart in each age group; 
in the younger case the heart had additional inter- 
ruption of the aortic arch and the older case had 
severe truncal valve stenosis. 

In the younger age group the incidence of mitral 


-and aortic atresia or both (9:995) was considerable. 


There were 11 cases of mitral atresia; five had addi- 
tional aortic stenosis and isthmal hypoplasia, and 
five had sortic atresia. Aortic atresia alone was seen 
in four cases all of which had mitral valve stenosis. 
Isolated aortic atresia was not seen in the older 


group and there were only five cases of mitral 


atresia—two with additional pulmonary atresia, one 
with double outlet right ventricle, and two with 
hypoplasia of the aortic arch. Three cases from each 
age group had had palliation. 

Hearts with a univentricular atrioventricular con- 
nection (excluding classic mitral atresia)—that is 
those with no right/left atrioventricular connection 
and a double inlet ventricle—comprised 9-395 of the 
hearts of those who died during the first month of 
life. There was one case of classic tricuspid atresia, 
two cases of tricuspid atresia with complete trans- 
position (both cases having aortic obstruction and 
isthmal hypoplasia), one case of absent right atrio- 
ventricular connection to an indeterminate ventricle 
with pulmonary atresia, one of absent right atrio- 
ventricular connection with the left atrium con- 
necting to a dominant right ventricle; one of absent 
left atrioventricular connection with the right atrium 
connecting to a dominant left ventricle; three cases 


‘of double inlet left ventricle (two with aortic isthmal 


hypoplasia and double outlet left ventricle, the other 
with pulmonary atresia and right ventricular origin 
of the aorta); three cases of double inlet right ventri- 
cle (one with pulmonary atresia and two with atrial 
isomerism and its usual accompanying lesions), and 
two cases of double inlet to an indeterminate ventri- 
cle (beth with atrial isomerism). Palliative pro- 
cedures had been performed in six hearts. In addi- 
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Table 2 Necropsy mncidence of the primary lesions found in the two age groups 








Common arterial trunk 
Arch interruption 
Arch hypoplasia including discrete coarctation 
Univentricular atrioventricular connection* 
Complete transposition 

tral atresia and aortic atresia or both 
Pulmonary atresia with intact septum 
Double outlet right ventricle 
Anomalous pulmonary venous connection 
Atrioventricular septal defect 
Ventricular septal defect 
Pulmonary atresia with ventricular septal defect 
Fallot’s tetralogy 


Incidence ( 9) newborn- 
1 mth (n= 151) 


Incidence (%) 1 mth-1 yr 
(n= 140) 
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*Excluding classic mitral atresia. 


tion, 5% of hearts from the older group had 
univentricular atrioventricular connection. Of the 
seven hearts, only one case—with double inlet left 
ventricle—showed atrial isomerism. Pulmonary 
outflow tract obstruction was seen in two of three 
cases of classic tricuspid atresia. There were two 
cases of double inlet to a solitary and indeterminate 
ventricle; one of these also had double outlet from 
the solitary ventricle and complete correction had 
been attempted. There was one example of double 
inlet right ventricle. Four cases had had palliative 
surgery. 

The incidence of hypoplasia of the aortic arch in 
the younger group (9:395) resembled that of uni- 
ventricular atrioventricular connection. There were 
14 cases in total, eight of which had associated ven- 
tricular septal defects. Discrete coarctation occurred 
in four cases, coarctation with tubular hypoplasia in 
two, and tubular hypoplasia alone in eight cases. Six 
- ofthe cases had aortic outflow tract obstruction (Fig. 
la) and a further two cases had a bicuspid aortic 
valve. The incidence of arch hypoplasia was also 
high (7-1%) in the older age group. Six of the 10 
hearts had discrete coarctation. Of these, two had 
left ventricular outflow tract obstruction, one had a 
bicuspid aortic valve, one a persistent left superior 
caval vein, and one had endocardial fibroelastosis. 
The remaining four hearts with tubular hypoplasia 
all had outflow tract obstruction and a ventricular 
septal defect. 

Thirteen cases (8:695) of interrupted aortic arch 
were to be seen in the younger age group. All but 
one case also had a ventricular septal defect. Eight 
cases had some obstruction to the subaortic outflow 
tract (Fig. 1b) and seven hearts had undergone total 
correction of the malformation. In contrast, arch 
interruption occurred only twice (1-495) in the 140 
cases aged between one month and one year. One 


~ case had a subaortic ventricular septal defect and 


double outlet left ventricle and the other had an aor- 
topulmonary window. In both cases surgical cor- 
rection had been attempted. 

'The incidence of pulmonary atresia with intact 
septum and anomalous pulmonary venous con- 
nection was 7% in both age groups. Four of the 
eleven younger cases of pulmonary atresia with 
intact septum had Ebstein’s malformation of the tri- 
cuspid valve. Three of the eleven had dilated, thin- 
walled right ventricles (Fig. 2a), while the remaining 
eight had small ventricular cavities resulung from 
gross trabecular hypertrophy or ventricular һуро- 
plasia (Fig. 2b) Of the 10 cases in the older group, 
two had dysplastic and incompetent tricuspid valves 
and eight had right ventricular cavities which were 
obliterated by trabecular hypertrophy. All had been 
treated by palliative procedures. There were eleven 
cases of anomalous pulmonary venous connection in 
the group less than one month old. Five cases had an 
infradiaphragmatic anomalous connection. In con- 
trast, none of the 10 cases aged between one month 
and one year showed an infradiaphragmatic con- 
nection. 

Complete transposition was also important in the 
younger and older age groups, with an incidence of 
7-3% and 10-0% respectively. Three of the eleven 
postnatal cases had associated coarctation or isthmal 
hypoplasia. In all, palliative surgery was performed 
on nine cases and total correction had been 
attempted on twelve. 

The incidence of atrioventricular septal defect 
was fairly low (395) in the younger age group. It was 
the most important of all the lesions in the older 
group (15%), however. Twenty two of the 26 cases 
had associated major complicating lesions—severe 
right ventricular dominance in three (Fig. 3); double 
outlet right ventricle in three; arch hypoplasia in six; 
pulmonary atresia in two; and left ventricular 
outflow tract obstruction in four. Surgery had been 
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Table 3  Classificarion and subclasstfication of lesions found at necropsy and the operations performed tn these cases 
Lesion <I mtk T mth- Associated conditions 
yr 
N E 
o © 
Zz 6$ À 2 ð A 
Common arterial trunk 10 2 — 8 4 1 Valve mcompetence stenosis (5) 
+ interruption 5 1 1 0 — — 
Arch mterruption 1 — — 1 1 — AP window (1) 
+ VSD 4 3 — 0 — — 
4 VSD and LVOTO 8 4 = 1 1 — роу) 
ion 1 1 — 3 3 — AVSD (1) 
+ LVOTO 2 1 — 2 2 — Arch hypoplasia (1) 
+ VSD 3 1 — 1 1 — : Areh hypoplasia (1), ASD (1), VA discordance 
and R' (2) 
Arch h lasia 3 2 — 0 — — 
+ VS 5 2 — 4 4 — LVOTO (7) 
entricular septal defect 5 — 2 3 1 2 Mild arch hypoplasia (6); multiple defects (2) 
+ O 2 — 1 2 2 — 
+ RVOTO 0 — — 2 2 == 
Mitral atrema 4 — — 2 — 1 
+ aortic atresia а — 1 0 — T Aortic stenosis (5) 
pulmonary atresia — — 2 — 
+ DORV 2 — 2 1 — 1 Aortic stenosis (2) 
Aortic atresia with mutral stenosis 4 — — 0 — 
Pulmonary a 
+ dilated RV 3 — — 2 — 2 Ebstem’s (2), incompetent tricuspid valve (3) 
+ small RV 8 — 3 8 — 8 Ebstein's (2), incompetent trícuspid valve (2) 
Double outlet RV 6 1 3 9 2 2 Arch hypoplasia (5) 
+ RVOTO 0 — — 3 3 — 
Anomalous PV connection 
Infradiaphragmatic 5 4 1 0 — — 
Supradiaphragmanc 5 2 — 7 7 — 
Unknown 1 — — 3 1 
Univentricular AV connection 
Absent right 5 — 4 3 — 2 TGA (3), DOLV (1), RVOTO (2), pulmonary 
atresie (1) 
Absent left 1 == — 0 — — 
Double inlet LV 2 — 1 0 — — DOLV (2) 
* atresia 1 — — 1 — 1 Right womerirm (1) 
Double inlet R 0 — — 1 — — DORV (1) 
+ RVOTO. . 3 — 1 0 — — Pulmonary atresia д» DORY (1) 
Double inlet indetermmate ventricle 2 — — 2 1 1 Right isomeriam (2 
Atrioventricular septal defect 2 — — 15 10 — Arch hypoplasia (6), RV dominance (3), 
mitral stenosis (2), hypoplastic RV (1), 
anomalous PV connection (1) 
+ LVOTO 3 — — 1 1 — TGA (1) 
+ Bow atresia 1 — 1 1 — — 
+ ку 0 — 3 — 
Pulmonary atresia -- VSD 
+ ductal supply 2 — 2 4 — 2 Aortic override (2) 
+ MAPCAs 0 — — 1 — I 
Tetralogy of Fallot 1 — 1 6 5 i Aberrant PA (2), OU UD 
Complete transposition l1 3 5 14 9 4 Mild arch hypoplasia (4) 





t ventricle; LV, left ventricle; 
arteries; PA, pulmonary 


outlet LVOTO, left 


artery, 


ventricular outflow tract obstruction; 


AP, aortopulmonary; ASD, atrial septal defect; AVSD i atrioventricular 
righ accesso: 
; pulmonary venous; RV, right ventricle; RVOTO, right ventricular outflow tract obstruction; 


tal defe=t; РОТІ У, double outlet left ventricle; DORV, double 
, major ry pulmonary 


TGA, transposition of the great arteries; VÀ, ventriculoarteríal; VSD, ventricular septal defect. 


performed mainly on the older group; 13 of the 21 
having had attempted total correction. 

Double outlet right ventricle was found in 4% of 
the younger group and 8-695 of the older group. 
Three of the six younger hearts also had arch hypo- 
plasia; only one had been repaired. The remaining 
three cases had had palliative procedures. Of the 
twelve cases in the older group, six had sub- 
pulmonary ventricular septal defects. Of these three 


had severe right ventricular subaortic outflow tract 
obstruction and underwent attempted correction. А 
further two cases had surgical correction and pal- 
liation vas performed on another two. 

Fallot’s tetralogy was not an important finding in 
the younger group. .There were six cases in the age 
group one month to one year. 'l'wo of these had 
additional malformations of the aortic arch. Another 


had a narrow pulmonary trunk and double outlet `~ 
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Fig.1 Malalignment ventricular septal defect resulting in subaortic outflow tract obstruction in (a) aortic arch hypoplasia 
and (b) interrupted aortic arch. 
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Thin walled dilated RV b ИЩ hypertrophy 


Fig.2 The two morphological patterns of pulmonary atresia with intact septum. (a) Dilated thin walled right ventricle 
(RV) associated with Ebstein’s malformation of the tricuspid valve. (b) Gross trabecular hypertrophy causing virtual 
obliteration of the apical trabecular and outlet components. 
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Common junction 
of atrioventricular 
septal defect 







Hypoplastic 
х LV 


LI 
Dominant ВУ З. * 


Giai 
Fig.3 An atrioventricular septal defect with an additional 
major complicating lesion, in this case severe right ventricular 
dominance. RV, right ventricle; LV, left ventricle. 


right ventricle, a fourth had a bicuspid pulmonary 
valve, and severe right ventricular outflow tract 
obstruction was seen in a fifth. Total correction was 
attempted in five cases, while the case with a narrow 
pulmonary trunk had a palliative procedure. 

Pulmonary atresia with ventricular septal defect 
was seldom seen in the younger group. Only two of 
a total of 151 hearts from those aged <4 weeks had 
this lesion compared with five of the 140 older cases. 
Both of the younger cases showed a ductal pul- 
monary blood supply while at least one of the older 
cases was known to have had major systemic- 
pulmonary collateral arteries. 

The frequency of isolated ventricular septal defect 
was similar in both groups although it was not a 
dominant lesion in either. Of the 14 hearts with this 
defect five had had repair of the defect and five had 
had palliative procedures. In four of the seven 
younger cases there was mild arch hypoplasia and 
another two had left ventricular outflow obstruction 
caused by malalignment of the ventricular septum. 
Left ventricular outflow tract obstruction was seen 
in two of the seven older cases and right ventricular 
outflow tract obstruction in a further two. 

The remainder of the 291 hearts had miscel- 
laneous lesions such as malformations of the valve 
leaflets, coronary artery anomalies, cardiomyopathy, 
and so on. 
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Discussion 


Necropsy cases in this study came mainly from one 
centre in the United Kingdom specialising in tho- 
racic medic:ne. As such, it is a highly selected group 
of cases and it would be wrong to assume that the 
incidence of lesions seen here can be extrapolated to 
that in the population as a whole. In addition, not all 
the patients who die in our centre come to necropsy. 
It is thus impossible to calculate mortality figures 
from clinical and necropsy incidence data. A better 
estimate of this can be obtained from studies such as 
that recently reported by Samanek er а1,# in which 
all the stillbirths and children dying in a specified 
area of Czechoslovakia underwent necropsy. We 
can, none the less, compare our series with the 
Czech investigation and with those from centres 
similar to our own and from these data infer a trend 
of lesion incidence and prognosis. 

Studies based on clinical experience have esti- 
mated that between a third and two thirds of chil- 
dren with congenital heart disease who die do so 
within the first year of life.! *!? Recent studies have 
shown that nearly as many died within the initial 
four weeks of life as did in the subsequent 48 
weeks.! Our investigation has shown similar 
results: about a third of our hearts were from 
patients aged under a month at death, a third were 
under a year, and the remainder were from children 
aged over a year. Although we cannot say categori- 
cally that the heart defect was the cause of death it 
was considered the main contributing factor in all 
cases. Analysis of the results shows that there are 
two critical periods for the child born with a con- 
genital heart defect. The first is undoubtedly the 
first month of life, during which time the arterial 
duct normally becomes occluded. Patients with 
defects which are duct dependent present with clin- 
ical symptoms and die at this time. Defects such as 
double outlet right ventricle and atrioventricular 
septal defect, however, do not present until the pul- 
monary vascular resistance falls at the end of the first 
month. 

Some interesting points emerge from a com- 
parison between necropsy data and the clinical inci- 
dence at our centre (Table 4). Firstly, persistent 
patency of the arterial duct (which is found in 
10-11% in children born with congenital heart 
disease! '*) had a clinical incidence of 6% and a nec- 
ropsy incidence of < 1%. The results resemble those 
found at other centres (Table 5). They could be 
taken to indicate that an anatomically patent duct is 
not a particalarly lethal lesion. Or alternatively, cur- 
rent management of this condition may be very suc- 
cessful. Secondly, “isolated? ventricular septal 
defect, the most common lesion to present clinically 
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ТаЫе4 А comparison of the clinical incidence ( Brompton Hospital} and the necropsy incidence in a series of hearts fram 


patients < one year old 


————  ——M——o— —n—woQM—nonoPP P a E 


Lesion 
{т = 1653) 





Clinical incidence 1973-82 


Necropsy incidence 1974-84 
ín 291) 





Ventricular septal defect 

Complete transposition 

Coarctation and hypoplasia 

Tetralogy of Fallot 

Persistent arterial duct 

Atrioventricular septal defect 

Pulmonary stenosis 

Pulmonary atresia with intact septum 
Anomalous pulmonary venous connection 
Tricuspid atresia 

Univentricular atrioventricular connection 
Mitral atresia and/or aortic atresia 
Double outlet right ventricle 

Common arterial trunk 

Atrial septal defect 

Arch interruption 
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*Excluding classic mitral atresia. 


Table 5 A comparison of clinical data reported by four centres 
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Clinical incidence 
Brompton 1973-82 
{n= 1653) 


Lesion 
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Ventricular septal defect 5 
Complete transposition 0 
Fallot’s tetralogy 9 
Coarctation 10 
Hypoplastic left heart 3 
Persistent arterial duct 6 
Atrioventricular septal defect 3 
Pulmonary stenosis > 
Pulmonary atresia with intact septum 1 

Atrial septal defect 0 
‘Tricuspid atresia 4 
Univentricular atrioventricular connection 4 
Aortic stenosis 1 

Double outlet right ventricle 3 
Common arterial trunk 2 
Anomalous pulmonary venous connection 3 
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Diagnostic frequency Keith et al” Lesion incidence 
NERICP® 1969—74 1967 Bohemian study 
(п = 2381) (п = 1380) 1952-79 (n = 2237, 





26-0 22-6 
8-8 53 
68 — 
41 5-2 
2-9 47 
72 10-2 
42 42 

— 47 
0-7 2-6 
33 3:6 
32 41 

13-0* 24 
0-3 27 
r8 17 
v2 16 


Sameena 


*Includes aortic atresia and mitral valve stenosis and atresia. 
NERICP, New England Regional Infant Cardiac Program. 


(with an incidence of >15% ) and in the Czech nec- 
ropsy series (an incidence of 2295?) was found in 
only 5%, of our necropsy cases. Moreover, the inci- 
dence was 5% in both age groups, whereas more 
than 80°% of the clinical cases do not present until 
the pulmonary vascular resistance falls. This proba- 
bly reflects the current policy of treating infants at 
local cardiac centres, with only serious cases being 
referred to national centres. The referral of serious 
cases to our hospital could account for the higher 
frequency of this lesion in the younger group and for 
the increased incidence at necropsy when compared 
with the New England study (Table 6). Thirdly, 
common arterial trunk, double outlet right ventricle, 
total anomalous pulmonary venous connection, and 
pulmonary atresia with intact septum—all of which 


have a clinical incidence of less than 5°;,—-were more 
commonly seen at necropsy. Fourthly, arch mal- 
formations, complete transposition, and  uni- 


ventricular atrioventricular connection (which have 
a low natural incidence) are the most frequently 
referred complex congenital heart malformations 
and are also dominant in the necropsy material. The 
fact that they remain dominant despite surgical 
intervention in more than half of the older patients 
under one year is disturbing. Fifthly, the clinical 
incidence of aortic stenosis and pulmonary stenosis 
is low and these conditions are not found at nec- 
ropsy. Finally, we found that one third of our cases 
either had a major abnormality in the arrangement 
of the major cardiac segments** or abnormal con- 
nections at at least one of the junctions. 
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Table 6 А comparison of data from three necropsy series 
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Lesion Brompton 1974—84 NERICP series Bohemian study 
{n=291) 1969-74 (n=900) 1952-79 (п = 1090) 

Univentricular atrioventricular connection 72* 5-7 47 

Complete transposition 8-6 103 9:8 

Arch interruption 52 2-1 0б 

Arch hypoplasia including coarctation 83 8-3 66 

Common arterial trunk 79 25 32 

Anomalous pulmonary venous connection 72 50 30 

Aortic atresia and mitral atresia or both 69 15-1 29 

Pulmonary atresia with mtact septum 72 64 49 

Pulmonary atresia with санаа бы septal defect 24 22 

Ventricular septal defect 48 29 219 

Atrioventricular septal defect 89 52 64 

Double outlet right ventricle 62 15 47 

Fallot's tetralo 24 45 73 

Atrial septal defect — + 14 49 

Persistent arterial duct 06 — 32 

*Excluding mitral atresia. 


NERICP, New England Regional Infant Cardiac Program. 


Analysis of our data by age group (Table 2) pro- 
duces different results. Atrioventricular septal 
defect was the most frequent lesion at necropsy 
(8:995) and it was also the dominant lesion (15%) in 
the older age group. Its incidence in the group aged 
less than one month was low (3%). Nearly all of the 
27 cases of atrioventricular defect were associated 
with major complicating lesions, including severe 
right ventricular dominance, double outlet right 
ventricle, and arch hypoplasia; this may account for 
the high mortality. 

The necropsy incidence of arch malformations 
which impede aortic flow (interrupted arch and arch 
hypoplasia and coarctation) was 13:896. Thirteen of 
the fifteen cases of interruption were less than a 
month old. Tubular hypoplasia was also more com- 
mon in the younger group, and eight of the 12 cases 
with this lesion were less than one month old. Arch 
lesions themselves are technically amenable to sur- 
gical reconstruction but 22 of our 39 cases also had 
some form of subaortic outflow tract obstruction. 
'The incidence of aortic atresia or mitral atresia or 
both in the necropsy series was high (9-994) in those 
aged «4 weeks. This accords with clinical data 
which show that 82% of all cases of hypoplastic left 
heart syndrome present before the end of the first 
week of life. 

The necropsy incidence of pulmonary atresia with 
intact septum was about 7% in both age groups. The 
clinical incidence is low (1:995), both in the first 
month and overall. Although 60% of all cases 
present by day 7, the prognosis is poor as shown by 
the high necropsy incidence. Further investigation 
demonstrated that 16 of the 21 cases had tiny right 
ventricular cavities. Right ventricular cavity size and 
morphology are important,!? !* and it was no sur- 
prise to find that most of our cases had severe hyper- 


trophy of the ventricular wall with almost total oblit- 
eration of the apical trabecular and outlet | 
components. These are known to be the cases with 
the worst surgical prognosis. Also of note was the 
finding of three cases with grossly dilated right ven- 
tricular cavities and thinning of the ventricular myo- 
cardium. These were all associated with severe 
Ebstein’s anomaly of the tricuspid valve. Clinically 
they present with high cardiothoracic index on the 
chest radiograph. These patients also have a poor 
prognosis. It is difficult to see from the specimens 
what potential there is for surgical repair. In our 
opinion, these cases should be considered as a 
special subgroup of cases with pulmonary atresia 
and intact septum. 

The incidences of anomalous pulmonary venous 
connection and of pulmonary atresia with intact sep- 
tum are similar. Five of the eleven younger cases 
were known to have had an infradiaphragmatic 
anomalous connection. Such an anomalous con- 
nection was not found in any of the older cases. The 
early obstruction to the pulmonary venous return at 
the level of the diaphragm (or through the liver 
sinusoids when the venous duct closes) almost cer- 
tainly explains this finding. The overall mortality 
rate among those cases which present during the first 
year of life is known to be high.!5 !$ This is in part 
due to the moribund condition of the child on 
admission.!? The poor surgical results reflect this. 
'The success of treatment is dependent on an early 
diagnosis. Immediate referral to operation after 
cross sectional echocardiography has recently 
improved the results, even in cases with 
infradiaphragmatic connection.!? 

Both double outlet right ventricle and complete 
transposition showed a higher necropsy incidence in 
the older group (8-6% and 10-0%) than during the 
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postnatal period (40% and 739; respectively). 

Three of the 11 patients with complete transposition 
who died soon after birth had additional arch hypo- 
plasia. Pulmonary stenosis is well recognised in 
association with complete transposition, occurring 
in 15° -33% of all cases.!° Right ventricular 
obstruction, however, is less well documented. The 
observation of additional arch hypoplasia should 
always suggest the possibility of subaortic steno- 
sis.” 

In the necropsy series tetralogy of Fallot and pul- 
monary atresia with ventricular septal defect were 
found almost exclusively in the older group. The 
clinical series shows that 75% of cases do not 
present until after the age of four weeks. The reasons 
for this are unclear. The right to left shunt may 
increase because of pulmonary stenosis or 
decreasing systemic vascular resistance. Alterna- 
tively, it may be because of increasing oxygen 
demand. Serious cases (13:4%), however, do 
present within the first week of life. The absence at 
necropsy of cases aged less than 4 weeks suggests 
that management of such patients is good. Without 
doubt, surgical interventions influence the type of 
case that presents at necropsy. Since we lack the data 
on the number of cases that come to operation, it is 
not possible to say whether this is generally success- 
ful. Of note is the finding that over 309, of all the 
necropsy cases had undergone complete repair and a 
further 20% had palliative procedures. The oper- 
ation may have hastened death in some cases. Since 
most of the cases had severe anomalies complicated 
by additional lesions (Table 3), however, we believe 
that in these cases operation was attempted on 
patients whose prognosis was poor from the outset. 

Comparison of our data with other series shows a 
constant emphasis on complete transposition both in 
the clinical (Table 5) and necropsy (Table 6) series. 
This is not the case for hypoplastic left heart syn- 
drome (aortic atresia or mitral atresia or both) for 
which a necropsy incidence of the NERICP series 
was 15% compared with our value of 7-09. Nor is it 
so for interruption of the aortic arch and arch 
hypoplasia/coarctation. The increased clinical inci- 
dence of these has been attributed to the 
improvements in recognition and referral? and this 
would also influence the necropsy incidence. Earlier 
diagnosis and referral would reduce the number of 
deaths at local centres and increase the numbers at 
necropsy at specialised units. There is a noticeable 
delay in the diagnosis of hypoplastic left heart syn- 
drome in the NERICP series compared with our 
own.? This, along with the real decrease in incidence 
at the clinical level, could account for the lower inci- 
dence at necropsy seen in our series. 

Our incidence of univentricular atrioventricular 
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connection, in which we have combined hearts with 
double inlet ventricle with those having the absent 
connection variant of atrioventricular valve 
atresia,?? far exceeds that found by others both clin- 
ically and at necropsy. This almost certainly relates 
to differences in classification.^? In this respect, 
atrial isomerism was not thought of as a phys- 
iologically important defect and was, therefore, not 
given a group of its own. Isomerism is often associ- 
ated with univentricular atrioventricular connection 
and under such circumstances would Бе classified by 
us as the latter. In the NERICP series hearts with 
both defects were classified under the heading of 
heterotaxia. It could be argued that associated 
lesions are of more haemodynamic importance than 
the common mixing within the ventricular mass, but 
the connection to us seems the most striking anat- 
omical finding. None the less, the lack of uni- 
ventricular atrioventricular connection (or its alter- 
native appellations) in Keith's series! must surely be 
due to the classification of such hearts by their addi- 
tional lesions. 

The criteria used to establish the primary diagno- 
sis in multiple defects are open to differing inter- 
pretation and this is one reason for non-uniform 
categorisation. To ensure that modern comprehen- 
sive studies are comparable a detailed classification 
is needed. Sequential analysis is the first step to 
comparative studies because anomalies of con- 
nections may then be determined without ambigu- 
ity. It is insufficient to establish the anatomical cause 
of death. For this an insight into the spectrum of 
complicating lesions is also required and hence some 
degree of subcategorisation is appropriate. 


We are indebted to all who have referred their 
specimens to our collection. We thank staff of the 


Departments of Pathology and Paediatrics, 
Brompton Hospital, for their continuing co- 
operation. 
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Subpulmonary pleural effusions in children after 


cardiac surgery 
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SUMMARY Postoperative chest radiographs on 100 children who had undergone cardiac oper- 
ations were evaluated to determine the frequency of subpulmonary effusions after surgery. Of the 
83 patients in whom adequate erect postoperative radiographs were available, 9 (11%) had 
effusions confirmed by lateral decubitus radiographs. On the frontal chest x ray film, the evidence 
of an effusion was an increase in distance between the diaphragm and air in the gastric fundus, or 
an apparent elevation of the right hemidiaphragm. None of the patients examined echo- 
cardiographically had associated pericardial effusions. When a subpulmonary effusion was 
detected diuretic treatment was started or continued. None of the patients had radiographic 
evidence of residual fluid when they were seen two weeks after their discharge from hospital. 


Pieural effusions are common and may be bilateral.! 
When fluid collects in the chest it initially accumu- 
lates inferiorly between the lung and the diaphragm 
and posteriorly in the costophrenic sulcus.” As the 
amount of fluid increases it spreads around the lung, 
which retracts towards the hilum. A typical effusion 
collects mainly laterally and posteriorly, obscures 
the hemidiaphragm and costophrenic sulcus, and 
has a smooth concave medial and lateral border. 

Occasionally a large volume of fluid may collect 
between the lung and the diaphragm without oblit- 
erating the costophrenic sulcus. These effusions may 
escape detection on the radiograph unless the degree 
of suspicion is high. They should be suspected if 
one hemidiaphragm appears to be elevated or if the 
distance between the left hemidiaphragm and air in 
the gastric fundus is increased. Subpulmonary 
effusions have been reported in patients with neph- 
rotic syndrome,** metastatic cancer, congestive 
cardiac failure, and constrictive pericarditis.” 

A missed subpulmonary effusion on the chest 
radiograph of a child who subsequently died of late 
tamponade prompted this study to determine the 
frequency of subpulmonary effusions in children 
after cardiac operations. 
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Patients and methods 


We studied 100 consecutive children undergoing 
cardiac operation at this hospital (Table). Their ages 
ranged from the neonatal period up to 14 years 
(mean age 3 years 2 months, median age 1 year 6 
months). 

All children had routine preoperative and supine 
postoperative radiographs while in the intensive care 
unit. Most children also had a routine erect chest 
radiograph on the day of discharge, or before if clin- 
ically indicated. Any child thought to have a sub- 
pulmonary effusion demonstrated by an increased 
distance between the gastric air bubble and the lung 
(Fig. 12) or an apparent raised right dome of the 
diaphragm on the erect chest x ray film (Fig. 2) had 
right or left lateral decubitus radiographs (Fig. 1b) 
to confirm the presence of an effusion. An echo- 
cardiographic examination was performed on all 
patients with a subpulmonary effusion to detect any 
associated pericardial fluid. Routine chest radio- 
graphs taken two weeks after discharge were also 
reviewed. 


Results 


Of the 100 children entered into the study, 10 were 
transferred to other hospitals and seven died in the 
intensive care unit without an erect chest radiograph 
being taken. A subpulmonary effusion was sus- 
pected in 17 of the remaining 83 children (13 on the 
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Fig. 1 


left and four on the right). Effusions were excluded 
in eight and confirmed in nine children by a lateral 
decubitus film. All confirmed subpulmonary 
effusions were present on the left side. 

None of the patients with subpulmonary effusions 
had an associated pericardial effusion detected by 
cross sectional echocardiography. Three children 
were not on regular postoperative diuretic treatment 
when their subpulmonary effusion was noted. There 
was no radiographic evidence of residual fluid in 
patients seen two weeks after discharge from hospi- 
tal, 


Discussion 
The radiological signs of a subpulmonary effusion 


are subtle and may be missed.? A subpulmonary 
Table Operations performed on 83 children 





No Subpulmonary 


effusion 


Operation 





Requiring cardiopulmonary bypass: 
Ventricular septal defect 1 
Tetralogy of Fallot 1 
Mustard operation 
Atrial septal defect 
Aortic valvotomy 
Atrioventricular canal defect 
Anatomical switch for 

transposition of the great 
vessels 
Fontan procedure 
Mitral valve repair 
Rastelli operation 
Pulmonary valvotomy 

Not requiring cardiopulmonary bypass: 
Coarctation repair 
Pulmonary artery band 
Left Blalock operation 
Patent ductus arteriosus ligation 
Right Blalock operation 
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(a) Erect radiograph showing increased distance between the diaphragm and the gastric air bubble. (b) Left lateral 
decubitus radiograph of the same patient showing a left sided pleural effusion. 


effusion on the left side increases the distance 
between the air in the gastric fundus and the 
diaphragm. On the right side the only sign may be a 
slight elevazion of the hemidiaphragm. Occasionally, 
there is blunting of the lateral costophrenic sulcus 
(that is loss of the normal acute angle between 
thoracic cage and diaphragm) and a small lamellar 
effusion may be seen along the lateral chest wall. 
When the patient is placed on the side, the fluid is 
free to move within the chest and collects along the 
lateral chest wall. Fluid in this position is readily 
detected bv a horizontal ray lateral decubitus radio- 
graph (Fig. 1b). A large effusion may be missed on a 
frontal radiograph if the above signs are not recog- 
nised. 

There is some controversy about the origin of 
subpulmonary effusions. Perhaps the most plausible 
explanation was put forward by Fleischner.? He 





Fig.2 Erect radiograph showing elevation of the left 
diaphragm 
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stated that recumbency after surgery increases the 
tendency to lower lobe atelectasis, elevation of the 
diaphragm, and reduced cough. The lower lobe 
retracts as soon as a pleural effusion appears. This 
additional atelectatic pull increases the amount of 
fluid held between the lower lobe and diaphragm. 
In our study 11% of children had a subpulmonary 
effusion. Their occurrence only on the left side may 
be explained by the fact that most operations are 
performed via a central or left thoracotomy incision. 
In one patient, however, a right thoracotomy for a 


-modified Blalock-Taussig operation produced a left 


sided subpulmonary effusion. It is of interest that 
three of the nine children with effusions were not 


receiving diuretics, which we usually prescribe after / 


cardiac surgery. 

In conclusion, we found an unexpectedly high 
number of subpulmonary effusions after cardiac 
surgery in children. Diagnosis may be suspected 
after careful examination of an erect chest radio- 
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graph and can be confirmed by examination of a 
chest radiograph taken from the appropriate lateral 
decubitus view. This high frequency of effusion 
confirms the need for routine postoperative diuretics 
after cardiac surgery. 
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The heart and tuberous sclerosis 
An echocardiographic and electrocardiographic study 


JOHN L GIBBS 


From the Non Invasive Heart Unit, Killingbeck Hospital, Leeds 


SUMMARY Cross sectional echocardiography, 12 lead electrocardiography, and 24 hour ambu- 
latory electrocardiography were performed in eleven patients with tuberous sclerosis. Echo- 
cardiography showed single or multiple intramyocardial masses, most commonly in the ventricu- 
lar septum, suggestive of rhabdomyomata in seven of the eleven cases. One patient with a normal 
echocardiogram showed ventricular pre-excitation on electrocardiography, with tachycardias of 
180 beats per minute on ambulatory monitoring. Sinus bradycardia, sinus tachycardia, and 
supraventricular tachycardia were also seen, but their importance is uncertain. 

Echocardiography and electrocardiography should be routinely performed in the assessment of 
patients with tuberous sclerosis and ambulatory electrocardiography should be considered in 
those with seizures that respond poorly to anticonvulsants. 


Since the first reported case of cardiac rhab- 
domyoma in 1862! the association of this tumour 
with tuberous sclerosis has become well recognised. 
Most information on these tumours has of necessity 
been related to morbid anatomy and there is little 
information on the frequency of cardiac involvement 
in such patients during life. With the advent of echo- 
cardiography, non-invasive antemortem diagnosis of 
intracardiac masses has become possible,” and ven- 
tricular rhabdomyomata have been detected with 
both M mode? and cross sectional? echo- 
cardiography. 

Syncope, seizures, and "funny turns" occurring 
in patients with tuberous sclerosis are likely to be 
attributed to cerebral causes. These patients, how- 
ever, may have abnormal hearts and such symptoms 
may be of cardiac origin. I have assessed the fre- 
quency of echocardiographic abnormalities in 
patients with tuberous sclerosis and have 
investigated whether the presence of cardiac 
tumours in these patients was related to detectable 
disturbances in cardiac rhythm. 
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Patients and methods 


A standard letter was circulated to neurologists and 
paediatricians within the paediatric cardiology 
catchment area of this hospital (population approxi- 
mately five million), asking for permission to write 
to any patients with tuberous sclerosis under their 
care. Letters were also sent to patients registered 
with the Tuberous Sclerosis Association and living 
within the same catchment area inviting them to join 
the study. Twenty three patients with tuberous 
sclerosis were identified; 11 of them agree to par- 
ticipate in the study. One case had already been 
investigated at this hospital because of palpitation. 
The patients were aged from 4 to 54 years (mean 
(SD) 20(13)). Nine patients had mental retardation 
ranging from mild educational subnormality to 
severe retardation with pronounced hyperactivity. 
The two mentally normal adult patients had ade- 
noma sebaceum and subungual fibromata as the only 
clinical manifestations of tuberous sclerosis. Eight of 
the eleven patients had some form of epilepsy and 
were taking diazepam, clonazepam, phenytoin, 
sodiüm valproate, carbamazepine, or a combination 
of these anticonvulsants. All subjects were examined 
by cross sectional echocardiography, 12 lead electro- 
cardiography, and 24 hour ambulatory electro- 
cardiography. With the exception of the one case 
already under the care of this hospital none of the 
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patients had previously undergone cardiac 
investigation. 
Results 


ECHOCARDIOGRAPHY 

Seven of the eleven patients had abnormal echo- 
cardiograms (Figure). Single or multiple echodense 
masses were detected in the ventricular septum 
alone in four cases, in the septum and posterior left 
ventricular wall in one, and in the posterior left ven- 
tricular wall alone in two. The masses ranged in 
diameter from 0-3 cm to 1-2 cm. All seven patients 
with abnormalities on the echocardiogram were epi- 
leptic and all were at least slightly mentally retarded. 
No masses affecting the atria were detected, and 
apart from the intramyocardial masses the cardiac 
anatomy appeared normal. 


ELECTROCARDIOGRAPHY 
Four patients had unremarkable ambulatory electro- 
cardiographic recordings. In the seven remaining 
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cases sinus tachycardias at rates of approximately 
150 beats per minute, unrelated to seizures 
occurred in two patients aged 21 and 23 years, Бог 
of whom were severely mentally retarded and bed 
ridden. These patients also showed abrupt slowing 
of sinus rhythm from 70 to 47 and from 100 to 60 
beats per minute respectively while awake but a 
rest. Both had involuntary movements and frequen 
episodes of hyperactivity, were taking апп 
convulsants, and had abnormal echocardiograms 
Sinus tachycardias of 150 beats per minute occurred 
in two other patients during seizures. Abrupt sinu: 
slowing was seen in one further subject, a 35 year old 
woman whose heart rate abruptly fell from 70 beats 
per minute to 45 beats per minute while she was 
awake but at rest; a pronounced sinus arrhythmia 
was seen on the 12 lead electrocardiogram. She was 
taking no medication and had a normal echo 
cardiogram. Two patients, one aged 14 who had an 
abnormal echocardiogram and one aged 4 years who 
had a normal echocardiogram, had supraventricular 
tachycardias at rates of 140 and 180 beats per minute 





Figure Examples of echocardiographic abnormalities in patients with tuberous sclerosis. Intramyocardial masses | arrowe¢ 
were detected as single (a) or multiple (b, c) lesions in the ventricular septum and were also seen in the posterior left 
ventricular wall (d). RV, right ventricle; LV, left ventricle; S, ventricular septum. 
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respectively that occurred during seizures and rap- 
idly reverted to sinus rhythm after the seizures. In 
the latter case, ventricular pre-excitation (with a PR 
interval of 50ms and without a delta wave) was 
present throughout the 24 hour recording period 
and 12 lead electrocardiogram. Both patients were 
regularly taking anticonvulsants. Sinus bradycardia 
at rates of between 60 and 45 beats per minute was 
present throughout the ambulatory recording of one 
14 year old boy with an abnormal echocardiogram 
whose seizures were treated with diazepam alone. 


Discussion 


STUDY POPULATION 

The prevalence of tuberous sclerosis in Oxford has 
been estimated at between 1:15 000 and 1:30000.° In 
my study 23 cases were detected in a population of 
approximately five million (approximately 
1:217 000). The method of identifying those with 
tuberous sclerosis was relatively crude and there can 
be little doubt that a considerable number of cases 
were not identified. Patients with mild man- 
ifestations of disease are less likely to seek medical 
attention, and the patients with tuberous sclerosis in 
this paper are likely to be those who are more sever- 
ely affected. 


ECHOCARDIOGRAPHY 

The high frequency of rhabdomyoma of the heart in 
patients dying of tuberous sclerosis was first sug- 
gested by  Steinbiss, who found clinically 
unsuspected tumours at necropsy in all six patients 
with tuberous sclerosis encountered over a ten year 
period.’ This association was confirmed by Crome, 
who also reported two cases of congenital 
fibroelastosis of the heart in a necropsy study of 
tuberous sclerosis.? 

The present study detected intramyocardial 
masses in seven (64%) of 11 patients. In no case did 
there appear to be any interference of cardiac func- 
tion due to a mass effect alone. Echocardiographic 
abnormalities suggestive of rhabdomyoma are 
detectable in a large proportion of patients with 
tuberous sclerosis, particularly when the clinical 
manifestations of the disease are pronounced. 


ELECTROCARDIOGRAPHY 

'The possibility that cardiac tumours may interfere 
with normal conduction pathways was first sug- 
gested by Wegman and Egbert, who reported multi- 
ple rhabdomyoma nodules invading the conducting 
system in a girl who had tachycardia with rates up to 
200 beat per minute.? Duras reported a further case 
in which frequent extrasystoles were noted in a 
patient with severe mental retardation and adenoma 
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sebaceum.!? A case presenting with palpitation has 
been described,'! in which the patient had classic 
stigmata of tuberous sclerosis. Electrocardiography 
showed the symptoms to be due to multifocal 
ventricular extrasystoles; an intraventricular 
conduction defect was also noted. Ventricular septal 
rhabdomyoma may also be associated with neonatal 
complete heart block.!?!? Rhabdomyomatosis may 
be the underlying cause of ventricular pre- 
excitation, with rhabdomyomatous fibres forming 
an accessory atrioventricular pathway and leading to 
symptomatic tachycardias.!^ The only patient in the 
present series who showed ventricular pre- 
excitation had an apparently normal echo- 
cardiogram, but the resolution of ultrasonic imaging 
may be incapable of detecting masses that are much 
smaller than 3mm in diameter. Indeed, in the case 
report referred to above,'* the rhabdomyomatous 
changes were extensive microscopically but only 
appeared macroscopically as a localised thickening 
of the mitral valve and may well have been missed by 
echocardiography. 

Information on the terminal events in patients 
with tuberous sclerosis suggests that status epi- 
lepticus, renal failure,'* and intercurrent infection!® 
are the principal causes of death. Multiple large car- 
diac tumours may cause heart failure and death due 
to a mass effect alone,” but the frequency and clin- 
ical importance of cardiac arrhythmias have yet to be 
fully evaluated. Apart from the one patient in this 
series with ventricular pre-excitation and tachy- 
cardias, the importance of the ambulatory electro- 
cardiographic findings is uncertain. Most of the 
patients were taking anticonvulsant drugs, and since 
these may produce bradycardia it may be particu- 
larly difficult to determine whether cardiac arrhyth- 
mias in epileptic patients precede or follow the onset 
of seizures. Even in healthy teenage boys ambu- 
latory electrocardiography may show alarming fea- 
tures such as sinus bradycardia, sinus arrest, five to 
one atrioventricular block, supraventricular tachy- 
cardia at rates up to 200 beats per minute, and short 
episodes of ventricular tachycardia.!? For this rea- 
son, 24 hour electrocardiographic recordings are 
best reserved for the cases of tuberous sclerosis in 
which seizure control deteriorates despite anti- 
convulsant treatment or in which a cardiac cause of 
syncope is suspected on other grounds. 

This study has shown that intramyocardial masses 
detectable by echocardiography are found in a high 
proportion of patients with tuberous sclerosis, 
confirming a recent report from the United States.!? 
While the findings of ambulatory electro- 
cardiography in epileptic patients are difficult to 
interpret, it is clear that potentially serious arrhyth- 
mias may occur. Echocardiography and 12 lead elec- 
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trocardiography should be routinely performed in 
patients with tuberous sclerosis, and in cases in 
which seizures are difficult to control the possibility 
of a cardiac rather than a cerebral aetiology should 
be borne in mind. 
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Atrioventricular and sinoatrial block in thyrotoxic 


crisis 


MR KRAMER, S SHILO, C HERSHKO 


From the Department of Medicine, Shaare Zedek Medical Centre, Jerusalem, Israel 


SUMMARY A 55 year old woman in thyrotoxic crisis developed atrial fibrillation, atrioventricular 
block, and sinoatrial block in rapid succession. All of these abnormalities resolved completely 
after antithyroid treatment. This course of events illustrates the profound effect of thyroid hor- 
mones on cardiac function. In view of the potential aggravation of atrioventricular conduction 
disturbance by beta adrenergic blocking agents, thyrotoxic patients should be carefully screened 
for electrocardiographic evidence of conduction disturbance before the administration of such 


drugs. 


Hyperthyroidism is commonly associated with sinus 
tachycardia and atrial fibrillation. А less well known 
complication of thyrotoxicosis is impaired atrio- 
ventricular conduction. Complete atrioventricular 
block complicating hyperthyroidism has generally 
been described in patients with additional risk fac- 
tors such as infection, drugs, or electrolyte imbal- 
ance.! ^ In a few, however, thyrotoxicosis was the 
only cause of atrioventricular block.* 5 We describe a 
patient with thyrotoxic crisis in whom atrial 
fibrillation, atrioventricular block, and sinoatrial 
block developed in rapid succession. All of these ab- 
normalities resolved after antithyroid therapy. 


Case report 


А 55 year old Arab woman was admitted to this hos- 
pital in August 1983 because of progressive weak- 
ness, dyspnoea, diarrhoea, and a weight loss of about 
10 kg in recent months. Hyperthyroidism had been 
diagnosed two years before and she had been treated 
with propylthiouracil and digoxin, but these drugs 
had been stopped a month before admission. 

On examination she was pale, tense, and mod- 
erately dyspnoeic. Blood pressure was 170/70 mm 
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Hg and her pulse was regular (100 beats/min). There 
was bilateral lid lag and impaired convergence. The 
thyroid gland was diffusely enlarged with an audible 
bruit. Her skin was warm and moist, and she had a 
fine tremor of the hands. There was a loud first heart 
sound and a 3/6 systolic murmur over the heart apex 
and the pulmonary area. 

Laboratory examinations showed a haemoglobin 
concentration of 9:5 g/di, white blood cell count of 
4900/mme?, and sedimentation rate of 36 mm/h. Tri- 
iodothyronine resin uptake was 48% (normal 25—45) 
and serum thyroxine concentration was 30 yug/dl 
(normal 4:5-11-5 yg/dl) (386 nmol/l, normal 58-148 


: nmol/l). The concentration of serum thyroid stimu- 


lating hormone was 2-0 uU/ml (normal 10 uU/ml). 
There were no antithyroid antibodies. Routine 
blood biochemical analysis including serum calcium 
was normal, apart from a serum alkaline phos- 
phatase concentration of 170 10/1 (normal 40-80 
ТОЛ). The electrocardiogram on admission was nor- 
mal with a sinus rhythm of 100 beats per minute and 
а PR interval of 0-16 s. Ап x ray film of the chest 
showed moderate bilateral congestion of pulmonary 
vessels. An echocardiographic study showed asym- 
metric hypertrophy of the septum. She was started 
on daily doses of propylthiouracil (600 mg) together 
with digoxin (0-25 mg) and frusemide (40 mg). One 
day later a transient episode of atrial fibrillation was 
recorded. 
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Figure Electrocardiograms in a patient in thyrotoxic crisis showing (a) complete atrioventricular dissociation 
(arrows indicate P waves) and (b) sinoatrial block with ventricular escape. 


After three days in hospital the patient's diarrhoea 
increased and her temperature rose to 38°С. On the 
same day, after a single oral dose of propranolol (10 
mg) there was an episode of syncope. A repeat elec- 
trocardiogram after syncope showed complete atrio- 
ventricular dissociation with an atrial rate of 66 beats 
per minute and ventricular rate of 23 beats per 
minute (Fig. a). After treatment with atropine and 
isoprenaline and withdrawal of propranolol, atrial 
fibrillation developed and this was followed by the 
resumption of sinus rhythm. Although sinus rhythm 
was largely maintained thereafter, several short epi- 
sodes of sinoatrial block with ventricular escape 
were recorded (Fig. b). In the following days huge 
inverted T waves appeared in the anterior chest 
leads without ischaemic chest pains and without 
raised concentrations of serum enzymes. 

She continued to have a high temperature. All 
blood and stool cultures were negative. Severe left 
heart failure and stupor developed. The daily dose 
of propylthiouracil was increased to 1 g and a larger 
dose of diuretic was given. These measures were fol- 
lowed by gradual improvement with a return to 
normal body temperature and bowel movements. 
Three weeks after admission she was given 8 mCi 
of iodine-131. Two months later her serum thy- 
roxine had fallen to 14 4g(180 nmol/l), the tri- 
iodothyronine resin uptake was 30%, and the 


electrocardiogram was normal. She is in good health 
18 months later and requires no drug treatment. 


Discussion 


Although abnormal atrioventricular conduction has 
been reported in some patients with thyro- 
toxicosis,! 79 this abnormality is not generally 
acknowledged to be a complication of hyper- 
thyroidism, which is more commonly associated 
with sinus tachycardia and atrial fibrillation." * 
Complete heart block associated with thyrotoxicosis 
has generally been seen in patients with additional 
risk factors such as infectious diseases," rheumatic 
fever,! hypercalcaemia,? or digitalis treatment. In 
such patients, complete heart block might have been 
the result of a primary insult aggravated by the pres- 
ence of thyrotoxicosis. In other patients, however, 
thyrotoxicosis has been the only underlying disease, 
and control of thyroid disease has restored normal 
atrioventricular conduction.* ° In our patient no risk 
factor other than hyperthyroidism was identified 
and all cardiac problems were resolved after anti- 
thyroid therapy. It should be noted, however, that 
atrioventricular dissociation was first observed after 
a small (10 mg) dose of propranolol and a possible 
role for this drug in precipitating the conduction 
disturbance cannot be excluded. 
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Episodes of sinoatrial block are a unique and hith- 
erto unrecorded feature of the electrocardiographic 
abnormalities observed during a thyrotoxic crisis. 
The coexistence of atrial fibrillation, atrioventricular 
block, and sinoatrial block, which were seen in rapid 
succession in our patient, illustrates the profound 
effect of thyroid hormones on cardiac function. Pro- 
longation of the P-R interval is seen in 5% of hyper- 
thyroid patients. +° Because beta adrenergic blocking 
agents could aggravate an atrioventricular conduc- 
tion disturbance, thyrotoxic patients should be care- 
fully screened for electrocardiographic evidence of 
conduction disturbances before and during the ad- 
ministration of such drugs. 
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Myocardial tuberculoma with rupture and 
pseudoaneurysm formation—successful surgical 


treatment 


MURTADA A HALIM, EDWARD N MERCER, GENE A GUINN* 


From the Divisions of Cardiology and *Cardiovascular Surgery, King Faisal Specialist Hospital and 


Research Centre, Riyadh, Saudi Arabia 


SUMMARY A case of left ventricular pseudoaneurysm due to rupture of a myocardial tuberculoma 
is presented. The diagnosis of pseudoaneurysm was initially suggested by echocardiography and 
was confirmed by angiocardiography. The aetiology was suggested at operation and confirmed by 
histological examination. This is a very rare condition which is usually diagnosed only at necropsy 


Case report 


A 38 year old African hospital employee had a severe, 
central, crushing chest pain which lasted for four 
hours. For the next five days he had intermittent 
pleuropericardial type pain in the left side of the 
chest. He then sought medical advice. He gave no 
history of chest pain before this. Five years ago he 
had had fever associated with patchy bron- 
chopneumonic infiltration of the right lung base; 
sputum analysis and culture were negative for patho- 
gens. Two months after that he had transient atrial 
fibrillation which spontaneously reverted to sinus 
rhythm. A tuberculin skin test had been positive in 
1976. The patient had never had treatment for 
tuberculosis. 

Physical examination at the time of admission 
showed a healthy looking adult in no acute distress. 
Pulse rate was 80 beats per minute and regular, tem- 
perature was 37°C, and blood pressure was 140/100 
mm Hg. Jugular venous pressure was not raised; 
there was no cardiac enlargement; first and second 
heart sounds were normal. There was no pericardial 
rub. The chest was clear; the liver and spleen were 
not palpable and there was no oedema in the legs. 

The electrocardiogram showed changes of an infe- 
rior myocardial infarction. An electrocardiogram 
recorded three years earlier had been normal. The 
chest x ray film showed a heart of normal size with 
clear lung fields. Serum concentrations of cardiac 
enzymes were normal and the erythrocyte sedimen- 
tation rate was 35 mm/hour (normal 0—5). The cross 
sectional echocardiogram in the long axis parasternal 
view showed a pouch posterior to the left ventricle 
Requests for reprints to Dr M A Halim, Division of Cardiology, 
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Cross sectional echocardiogram in parasternal long 
v showing the pseudoaneurysm communicating € 
narrow neck with the left ventricular cavity just belo 

mitral valve. Ao, aorta; LA, left atrium; LV, left venti 

PA, pseudoaneurysm 

communicating with the left ventricular cavity 
through a narrow necked channel (Fig. 1). M mode 
echocardiography showed a large echo free space 
posterior to the left ventricular epicardium. These 
findings suggested a pseudoaneurysm in the left ven- 
tricle. Coronary angiography showed normal left 
and right coronary systems; left ventricular ang 
graphy demonstrated a multi-loculated pseud 
aneurysm (Fig. 2). 

Four weeks later the patient underwent surgery 
'The posterior pericardium was found to be thick 
ened and there was a haemorrhagic pericardial 
effusion. A hole, 1 cm in diameter, was found in the 
lower left ventricular wall. The hole was patched 
and the pericardium and pseudoaneurysm were 
resected and sent for histological examination. The 
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Fig. 2 Left ventricular angiogram showing contrast 
material filling a pseudoaneurysm on the inferior surface of 
the left ventricle (right anterior oblique projection ). 

LV, left ventricle; PA, pseudoaneurysm. 


early and late postoperative periods were without 
complications. 

Histopathological examination showed that the 
pseudoaneurysm lining was a mixture of myo- 
cardium and pericardium. There was extensive 
fibrosis and a large number of granulomas with areas 
of central caseation surrounded by epithelioid cells 
and multinucleated giant cells. Although no acid fast 
bacilli were seen and culture remained sterile, the 
presumptive diagnosis was tuberculoma of the myo- 
cardium with rupture and pseudoaneurysm for- 
mation. The patient was treated with isoniazid, 
rifampicin, and ethambutol. In the next two months 
his weight increased by 8 kg and he remains symp- 
tom free 10 months after operation. 


Discussion 


Tuberculosis of the myocardium was rare even in the 
early 1900s and it is becoming more rare with 
improved medical treatment. Custer and Charr 
reviewed more than 14000 deaths due to tuber- 
culosis and found only 64 cases (0:44^,) of tuber- 
culosis of the heart.! Three types of myocardial 
involvement are described?: localised mass (tuber- 
culoma), diffuse myocarditis, and miliary lesions. 
The mechanisms of myocardial involvement are 
direct retrograde spread from mediastinal lymph 
nodes, extension from a pericardial focus, and blood 
dissemination. There are few reported cases of myo- 
cardial tuberculoma, and all were diagnosed at nec- 
ropsy.? +? Reported presentations include complete 
heart block,5? right ventricular outflow obstruc- 
tion,'^ aortic regurgitation,!! superior vena cava 
obstruction,’ or left ventricular aneurysm.'? Our 
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patient appears to be the first case of myocardial 
tuberculoma with rupture and pseudoaneurysm for- 
mation which has been treated successfully. 

The diagnosis of pseudoaneurysm was suspected 
from the echocardiogram which had features similar 
to those described by Katz er а/,!* Roelandt et al,'* 
and Sears ег al,'5 except that the pseudoaneurysm 
wall was more thickened in our patient, probably due 
to the inflammatory aetiology. The diagnosis was 
confirmed by angiography; the aetiology was demon- 
strated histologically. Although no acid fast bacilli 
were seen or grown, tuberculosis is the most likely 
diagnosis. Sarcoidosis can produce a similar picture 
with localised aneurysm! but this entity is very rare 
in Saudi Arabia whereas tuberculosis is common. А 
tuberculous aetiology is further supported by the 
histological demonstration of central caseation, and 
the patient's clinical improvement after surgery and 
antituberculous therapy. 
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Efficacy of an implanted automatic defibrillator 
which had induced atrial fibrillation 


1, JORDAENS, RHAMERLYNCK, D L CLEMENT 
From the Departments of Cardiology and Cardiovascular Surgery, State Unwersity Ghent, Belgium 


SUMMARY А 54 year old man with refractory life threatening ventricular tachycardia was given 
an automatic defibrillator. The initial system was a transvenous defibrillator coil electrode and this 
was later modified by implantation of two patch electrodes at thoracotomy. 

The modified system successfully controlled ventricular tachycardia. On one occasion reversion 
of ventricular tachycardia by the defibrillator precipitated atrial fibrillation, a previously 


unreported side effect. 


Internal defibrillators have been introduced to treat 
refractory and repeated ventricular tachycardia or 
fibrillation. We describe a patient in whom cardiac 
arrest was caused by ventricular fibrillation. A 
defibrillator was implanted four years after myo- 
cardial infarction. 


Case report 


In 1979, when he was 50, this man had had an 
inferoposterior myocardial infarction which was 
complicated with late ventricular tachycardia and 
cerebral embolism. Treatment with disopyramide 
was started and this was later changed to amiodarone 
(400 mg/day) on the basis of Holter tape recordings 
which consistently showed frequent ventricular 
extrasystoles and couplets. He did not have angina 
pectoris or signs of left ventricular heart failure. 

On 17 September 1983 he suddenly collapsed and 
cardiopulmonary resuscitation was carried out by 
bystanders. When the rescue team arrived ventricu- 
lar fibrillation was detected and defibrillation was 
performed with 300 J. 

At examination blood pressure was 160/110 mm 
Hg. A pansystolic murmur of grade II/VI intensity 
was recorded in the fourth intercostal space at the 
left sternal border. This had been present before the 
cardiac arrest. An electrocardiogram showed promi- 
nent depression of the J point with a horizontal ST 
segment in the precordial leads. The electro- 
cardiogram subsequently showed sinus rhythm of 72 
beats per minute with an axis in the frontal plane of 
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— 10°, QRS width of 0-10 s, Q wave in lead III, and 
QR duration of 0.38 s. 

Serum electrolytes and creatinine and blood glu- 
cose concentrations were within the normal range. 
Serum aspartate aminotransferase activity was 113 
ТО/! (normal 11—33 IU/D, lactic dehydrogenase was 
425 ТО (normal 200—400 IU/D), and creatine kinase 
was 51 IU/1 (normal 0-150 IU/I) immediately after 
admission. Serum creatine kinase concentration 
reached a peak (268 IU/1) eight hours after admission 
but the MB fraction remained below 9 IU/l. A chest 
x ray film showed cardiomegaly with bilateral pul- 
monary venous congestion. 

A coronary angiogram showed a proximal 
occlusion of the right coronary artery. Ап occlusion 
of the middle part of the circumflex artery was 
bridged by an extensive collateral circulation and 
there was a mild stenosis of the first diagonal artery 
of the left anterior descending artery. The inferior 
wall was akinetic. À left ventricular angiogram did 
not show any septal defect or mitral regurgitation. 


-Ejection fraction, as measured with radionuclides 


was 42%. Four weeks later a basic electro- 
physiological study was performed. Stimuli were 
delivered by a Jansen stimulator at a constant current 
of <1 mA with pulse width of 2 ms. Stimulation was 
applied above the right ventricular apex. Sustained 
hypotensive ventricular tachycardia with a cycle 
length of 240 ms was produced when double stimuli 
were applied to the heart in sinus rhythm. Rhythm 
was easily reproduced with double stimuli on a уеп- 
tricular driven rhythm of 110 beats per minute. 

In the subsequent serial drug testing procedure, 
intravenous procainamide on its own (16 pg/ml and 
6:5 ug/ml) was ineffective in preventing stimulated 
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tachycardia and it was still possible to induce ven- 
tricular tachycardia or fibrillation with the original 
stimulation protocol when the patient was on beta 
blockers or tocainide. After three weeks loading with 
oral amiodarone, ventricular fibrillation could still 
be easily induced by double stimuli on a paced 
rhythm of 90 beats per minute, and this situation was 
unchanged when amiodarone was given in combina- 
tion with oral mexiletine. When amiodarone was 
given in combination with procainamide induction 
of fibrillation was slightly more difficult and double 
stimuli given on a basic rhythm of 110 beats per 
minute produced a hypotensive ventricular tachy- 
cardia of 150 beats per minute. Hence, the patient 
was started on oral procainamide (1:5 g three times 
a day) in combination with amiodarone (600 mg). 
This regimen was not considered to be effective 
because Holter tracings showed multiform ventricu- 
lar premature beats and the patient had gastro- 
intestinal symptoms and a productive cough. 

On 11 April 1984 an automatic implantable 
defibrillator (AID-B®) (Intec Systems, Pittsburgh, 
USA) was implanted under general anaesthesia. A 
bipolar electrode was passed through the left cepha- 
lic vein and placed in the right ventricular apex. The 
amplitude of ће R wave was 12 mV. The Seldinger 
technique was used to place a classic defibrillator coil 
in the superior caval vein and a subxiphoid incision 
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was made prepartory to positioning of а 
defibrillation patch. 

Ventricular tachycardia with a cycle length of 320 
ms could be induced with programmed electrical 
stimulation and could be stopped repeatedly with 5 J 
delivered through an external device (Fig. 1). In an 
attempt to induce ventricular fibrillation with pro- 
grammed stimulation, however, ventricular tachy- 
cardia was induced by a burst of stimulation and 
when 20 ] was delivered by the external 
cardioverter-defibrillator through the coil and patch 
the tachycardia rate was increased. А further shock 
of 30 J stopped the tachycardia. External cardio- 
version was needed to terminate ventricular 
fibrillation. 

Anterolateral left thoracotomy was carried out so 
that a large defibrillation patch and a small 
defibrillation patch could be positioned in the peri- 
cardial space. The defibrillation threshold for ven- 
tricular fibrillation was «20]. With the impulse 
generator in the abdominal pouch, fibrillation was 
produced by application of an alternating current. 
After a charge time of 8:2 s, a first shock of 25-5 J was 
given after another 14 seconds. A third shock was 
needed to convert the ventricular fibrillation to sinus 
rhythm. 

While the patient was still in hospital, an episode 
of ventricular tachycardia with loss of consciousness 
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Fig. 1 Efficacy of defibrillator during monomor phous ventricular tachycardia. At implantation monomor phous tachycardia 
{cycle length 340 ms ) was interrupted by a 5 ў shock between a coil in the superior caval vein and a patch in the pericardial 
space ( SCV-P). Ventricular fibrillation, however, was not terminated by 35 ў shock. RV, bipolar electrode in right ventricle. 


Paper speed was 25 mm/s. 


Efficacy of an implanted automatic defibrillator which had induced atrial fibrillation 


was terminated by the first shock. Termination of a 
recurrence required two internal shocks. 

The patient was discharged in excellent condition, 
without antiarrhythmic drugs. Because we feared 
that the threshold of the defibrillator for ventricular 
fibrillation might be too high, a contro! electro- 
physiological study was performed on 25 May. Ven- 
tricular monomorphous tachycardia with cycle 
length of 330 ms was induced by double stimuli on 
a basic paced rhythm of 110 beats per minute. It was 
instantaneously detected and corrected by the first 
shock. 

When a second episode of ventricular tachycardia 
terminated spontaneously a shock was given 290 ms 
after the P wave, and this produced long lasting atrial 
fibrillation and a ventricular rate of 100 beats per 
minute (Fig.2). Ventricular fibrillation was pro- 
duced by-application of alternating current (50 Hz) 
for 2s and the first shock of 25:5] converted both 
rhythms to sinus rhythm. The patient was dis- 
charged after 24 hours. He is back at work. 


Discussion 


Ventricular fibrillation causes most sudden deaths 
from heart disease.! The speed with which ventricu- 
lar fibrillation can be terminated by defibrillation 
seems to be an important factor in determining the 
success of cardiopulmonary resuscitation,? and an 
automatic implantable device that detects and cor- 
rects ventricular fibrillation immediately will be of 
considerable benefit in high risk patients. Such a 
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device has been developed and implanted in more 
than 250 patients.? ^? 

The clinical results are good, with a 25% decline 
in mortality at опе year.| These results were 
obtained in patients with older units and before the 
use of two patches or larger patches had been consid- 
ered.? * The 12 month survival rate in patients fitted 
with defibrillators is reported to be as high as 97-2% 
from ventricular tachycardia or fibrillation; it is 
83-49 from all types of cardiovascular disease. 
These results show that implantable defibrillators 
are better than other forms of treatment for refrac- 
tory ventricular rhythm disturbances.? 

Much research has been done on the ideal posi- 
tioning and size of the paddles and on the amount 
and character of the energy delivered to the myo- 
cardium.® These studies led to the concept of a 
defibrillation threshold—that is the application of an 
appropriate amount of energy to the myocardium for 
a critical time. The sensing and defibrillation 
thresholds must be adjusted during implantation of 
the device. This influences the surgical technique 
and is relevant to previous and intended operations." 
If no other cardiovascular surgery is performed at 
the time of implantation, it is possible to insert the 
apical electrode through a small subxiphoid incision, 
as was our intention. This case report, however, 
confirms that some patients may show a high 
defibrillation threshold during the operation, or may 
even go into ventricular fibrillation when 
defibrillatory shocks are given. The conversion rate 
with the original spring patch defibrillator for mono- 
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Fig.2 Electrophysiological study after implantation of defibrillator. The induced regular ventricular tachycardia termnated 
spontaneously but was sensed (arrow at point of detection) by the defibrillator before sinus rhythm returned. An internal shock 
given 290 ms after the P wave resulted in atrial fibrillation, as shown by the deviation of the atrioventricular junctwn (AVF) 
electrocardiogram. Lower tracing shows aortic pressure (mm Hg). Paper speed was 25 mm/s. 
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morphous ventricular tachycardia is 77-86%, but 
the conversion rate is higher for polymorphous ven- 
tricular tachycardia and fibrillation when the size of 
the shock delivered to the myocardium is increased." 
About 10% of patients require two patches to рго- 
duce a sufficiently low energy threshold.’ In these 
cases access through a subxiphoid incision is not 
adequate. Treatment of our patient with amiodarone 
may explain his high defibrillation threshold at oper- 
ation. 

Acceleration of ventricular tachycardia with 
occurrence of fibrillation is a potential risk of all 
cardioversion systems, but this effect is less frequent 
with these devices than with burst pacing.!? Our 
case report shows that currently available 
defibrillators are capable of delivering a rescue shock 
because they can generate up to three more shocks 
after the initial shock.? 

Control studies should be performed after 
implantation when it has not been possible to estab- 
lish the efficacy or the correct sensing of clinical or 
induced arrhythmias during the implantation of the 
defibrillator, or when doubts about efficacy remain. 
We proposed a control study to our. patient because 
cardioversion of ventricular fibrillation during 
implantation required three shocks, and two con- 
secutive shocks were needed to convert clinical ven- 
tricular tachycardia to sinus rhythm. He might have 
required a high energy device. During the electro- 
physiological study correct sensing of both ventricu- 
lar tachycardia and ventricular fibrillation were 
proved while the patient was under short general 
anaesthesia. We also found that when the device’s 
capacitors were charged and the arrhythmia stopped 
spontaneously a shock was given when sinus rhythm 
returned. Synchronous shocks given during sinus 
tachycardia, supraventricular tachycardia, or atrial 
fibrillation are not known to have caused ventricular 
tachycardia or fibrillation.? In our patient such a 
shock caused atrial fibrillation. It is clear, however, 
that because of synchronisation to ventricular 
rhythm during tachycardia the shock will often be 
dissociated from the atrial activity so that short last- 
ing atrial arrhythmias may occur.) The device has 
not been developed to treat atrial flutter or 
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fibrillation, but these rhythm disturbances may trig- 
ger the defibrillator, and there is reversion to sinus 
rhythm in 50% of such episodes.’! 
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| A MAJOR STEP FORWARD. 


IN INTENSIVE CARE 


CardioComp is a new, continuous-wave Doppler ultrasound 
system whose routine, non-invasive method of assessing cardiac 
function offers a major step forward in the facilities available to 


‘modern intensive care units. 

Its on-line calculations 
of cardiac and 
haemodynamic parameters 
allow the detection and 
evaluation of the patient’s 
cardiac function for overall 
haemodynamic control as 
well as for subsequent 
follow-up studies. 

The non-invasive 
assessment method is 
quick and easy to apply, 
and can be performed at 
the patient’s bedside. These 
practical advantages are 
matched by a floppy-disk- 
format operating system 
designed to allow extension 
of the equipment’s 
applications in the future. 

Clinical evaluation has 
already confirmed the 





outstandihg accuracy and reliability of CardioComp’s 
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to cardiac. 
And imaging 
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Until recently, fast accurate measurement, i 
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sive means. Color Doppler analysis has char 
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files and their severity can be quantified usir 
doppler spectrum. 
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flow imaging; quantitative 
blood analysis in any ROI, 
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Doppler. 
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Proceedings of the British Cardiac Society 


THE AUTUMN MEETING of the British Cardiac Society 
was held at the Wembley Conference Centre, Lon- 
don, on Tuesday to Thursday, 26 to 28 November 
1985. The President, D G JULIAN, took the Chair 
during private business. The scientific sessions were 
under the chairmanship of I R GRAY. 


Abstracts of papers 


Comparison of prognostic significance of 
delayed potentials and inducible ventricular 
tachycardia in 306 survivors of acute 
myocardial infarction 


AR Denniss, D A Richards, D L Ross, J B Uther 
Westmead Hospital, Sydney, Australia 


The prognostic significance of delayed potentials 
detected on the signal averaged electrocardiogram 
and their correlation with inducible ventricular 
tachycardia were examined in a prospective study of 
306 clinically well survivors of transmural myo- 
cardial infarction (anterior in 42%) who were aged 
<65 years. All patients had both a signal averaged 
electrocardiogram and programmed stimulation per- 
formed 1—4 weeks after infarction. Delayed poten- 
tials were present in 26%. The two year probability 
of remaining free from cardiac death and spontane- 
ous ventricular tachycardia (VT) or fibrillation (VF) 
was 0-73 for patients with delayed potentials, com- 
pared with 0-95 for patients with no delayed poten- 
tials (p <0-001) and 0-73 for patients with inducible 
VT. For prediction of death and VT or VF, delayed 
potentials had a sensitivity of 66%, a specificity of 
78%, a predictive accuracy of 24%, and an odds ratio 
of 6:7. Inducible VT at programmed stimulation had 
a sensitivity of 5295, a specificity of 8395, a predic- 
tive accuracy of 24%, and an odds ratio of 5-2. 

In conclusion (a) delayed potentials present after 
recent infarction predict a significant risk of death 
and spontaneous VT or VF; (b) the prognostic 
significance of delayed potentials is comparable to 
that of inducible VT at programmed stimulation. 


Neurological complications of coronary artery 
bypass surgery 


Pamela J Shaw, D Bates, N E F Cartlidge, 
D W Heaviside, D A Shaw, D G Julian 
University Departments of Cardiology and 


Neurology, and the Cardiothoracic Unit, Freeman 
Hospital, Newcastle upon Tyne 


A prospective study has been undertaken to deter- 
mine the incidence, severity, and functional impact 
of neurological complications occurring after elec- 
tive coronary artery bypass graft (CABG) surgery. 
Three hundred and twelve patients were evaluated 
over a 12 month period from September 1983 to 
August 1984 at the Regional Cardiothoracic Centre 
in Newcastle upon Tyne. А comparison group of 50 
patients undergoing major surgery for peripheral 
vascular disease was also assessed. The patients 
underwent detailed neurological assessment in the 
two days before surgery, daily in the early post- 
operative period, and at intervals in the first six 
months after surgery. Early postoperative neu- 
rological complications developed in 191 of the 312 
CABG patients (6195) and included death from 
cerebral hypoxic damage in one patient (0 395); pro- 
longed depression of conscious level in 10 (3-2%) 
patients; definite stroke in 15 (4:895) patients; oph- 
thalmological abnormalities including retinal 
infarction, retinal embolisation, or other abnormal- 
ity of vision in 78 (25%) patients; primitive reflexes 
in 123 (39 4%) patients; postoperative psychosis in 


* four (1-3%) patients; and peripheral nerve damage 


(most commonly brachial plexeopathy) in 37 
(11:895) patients. Although such a high proportion 
of the cohort developed detectable changes, serious 
morbidity or death from neurological damage was 
uncommon, occurring in only five (1:696) patients. 
Follow up of the group of six months after surgery 
showed a favourable functional neurological out- 
come in the majority of patients. Minor post- 
operative abnormalities developed in only nine 
(1894) of the 50 patients undergoing peripheral vas- 
cular surgery and these largerly resulted from 
trauma to lower limb sensory nerves. 


Origins of breathlessness in chronic heart 
failure 


D P Lipkin, P A Poole-Wilson 
'The Cardiothoracic Institute, London 


Breathlessness in heart failure is often attributed to 
raised pulmonary venous pressure. Oxygen con- 
sumption (VO), mean pulmonary capillary wedge 
pressure (PCWP), arterial blood lactate concen- 
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tration, and pH were measured during treadmill 
exercise using a slow exercise protocol in 25 men (age 
34-67 years) with chronic heart failure (New York 
Heart Association class II-III). Ten of these 
patients also performed a rapid exercise test with 
similar increments of shorter duration. Exercise was 
terminated due to fatigue in 23/25 patients after the 
slow test and because of dyspnoea in all patients after 
the rapid test. Exercise capacity (maximum VO, and 
exercise duration) was not related to resting or exer- 
cise PCWP or to the change in PCWP during exer- 
cise (r= —0:38, r= —0-19, г=0:12) nor was there 
any difference in exercise PCWP within individuals 
between the two types of tests. Maximum УО», peak 
cardiac output, and minute ventilation were greater 
in the rapid exercise test (p « 0-05). Peak exercise 
lactate concentration was higher (3-7 vs 2-2 mmol/l) 
and the change in pH from the resting state was 
greater (0-06) vs 0-02, p « 0-05) during the rapid test 
than during the slow test. 

The sensation of breathlessness in chronic heart 
failure is not simply related to an elevated PCWP but 
may be due to stimulation of the respiratory centre 
in response to the metabolic acidosis. Exercise 
capacity and the symptoms limiting exercise are 
dependent on the type of exercise test performed. 
These differences need to be considered when select- 
ing an exercise protocol for studies of drug efficacy in 
patients with heart failure. 


Effects of vasodilators on exercise capacity and 
myocardial oxygen supply in patients with 
angina pectoris and normal coronary arteries 


R Bugiardini, D Ferrini, M Galvani, C Gridelli, 
А Pozzati, P Puddu, S Lenzi 

Clinica Medica II, University of Bologna, Bologna, 
Italy 


Patients with effort related angina, coronary arteries 
of normal appearance, and no evidence either of epi- 
cardial artery spasm or myocardial hypertrophy have 
been suggested to have a reduced coronary flow 
reverse due to inappropriate dilatation of small 
resistive vessels. Nevertheless whether the ability to 
dilate may be constrained by a functional or anat- 
omical insufficiency of the microvasculature is 
poorly understood. To address these questions we 
selected 15 patients with the above set of findings 
and a positive (20-1 mV ST depression) exercise 
test limited by chest pain. They performed supine 
bicycle ergometer testing (25 W increments every 
two minutes) before and during drug induced vaso- 
dilatation, which was obtained in five patients with 
verapamil (10 mg intravenous bolus), in five with 
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isosorbide dinitrate (10 mg sublingually), and in the 
remaining with iloprost, a stable prostacyclin ana- 
logue (6ng/kg/min intravenous infusion). Arterial 
blood pressure and coronary sinus blood flow were 
simultaneously measured at rest and peak exercise. 
Compared with control, verapamil significantly 
(р <0:001) prolonged exercise duration (mean (SD) 
510 (74) vs 354 (67) з) and time to onset of 0-1 mV ST 
depression (393(50) vs 237 (36) s). Drug adminis- 
tration also resulted in increased coronary blood flow 
(137 (31) vs 95 (28) ml/min) and in decreased coro- 
nary resistance (0°86(015) ез 1-20(0-24) 
mm Hg/ml/min) at peak exercise (p <0:005). Con- 
versely no significant changes in exercise capacity 
and haemodynamics were found following iso- 
sorbide and iloprost. Thus effort related angina in 
patients with normal appearing coronary arteries 
seems to be mediated by a reduction of coronary flow 
reserve due to functional rather than anatomical fac- 
tors. These can be partly counteracted by verapamil. 
'The lack of efficacy of other powerful vasodilators 
favours an arteriolar disregulation of calcium uptake 
as the most likely mechanism. 


Natural history of post-myocardial infarction 
angina pectoris 


L Daly, R Conroy, N Hickey, R Mulcahy 
St Vincent's Hospital, Dublin, Eire 


'The natural history of post-myocardial infarction 
angina pectoris has been examined using a Markov 
statistical model in 555 male survivors of a first coro- 
nary attack at « 60 years followed annually for up to 
20 years. Only 21 (4%) had coronary artery bypass 
operation. Most anginal patients were treated by 
nitrates alone. In the 130 patients with immediate 
post-infarction angina, the angina prevalence in sur- 
vivors reduced to 63%, 44%, 38%, and 36% at 5, 10, 
15, and 20 years respectively. The mean survival of 
these patients was 13-6 years. Angina was present for 
a mean 5:4 years and absent for a mean of 4:2 years 
in this group during the first 9-6 years of follow up. 
After 9:6 years a wide variation in the presence or 
absence of angina continued with 48%, remaining 
angina free. 'The 425 patients without initial angina 
had a mean survival of 15:3: years. They remained 
free of angina initially for a mean period of 8-1 years. 
The presence of angina varied during the subsequent 
7-2 years of survival with angina being present for 
3-8 of these remaining years. 

This long term follow up study of post-infarction 
patients confirms that the presence or absence of 
angina can vary considerably over time in patients 
treated medically. These findings have important 
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implications when assessing the effects of various 
treatments, including coronary artery bypass 
surgery, on post-infarction angina. 


Isolated coronary ostial stenosis—a previously 
unrecognised clinical syndrome? 


G AH Miller, M Honey, H El-Sayed 
Cardiac Department, Brompton Hospital, London 


Coronary ostial stenosis is a rare angiographic 
finding which we have detected in only 28 (0-695) of 
4427 patients with coronary artery disease. In the 
majority ostial stenosis was associated with other 
coronary arterial lesions, but in five patients ostial 
stenosis was the only lesion present and was not 
associated with any of the conditions (syphilitic 
aortitis, Takayasu’s  aortitis, familial hyper- 
cholesterolaemia, aortic valve disease) known to 
involve the coronary ostia. All five patients were 
middle aged (38-53) females (two premenopausal); a 
striking difference from the usual 7:1 male prepon- 
derance in atherosclerotic coronary artery disease. 
Review of the literature shows 11 previously 
reported cases of which 10 were middle aged women. 
Angiographic diagnosis can be difficult, but a pres- 
sure drop as the catheter tip engages the ostium was 
a constant finding; lack of spillover of contrast into 
the sinus of Valsalva may also suggest the diagnosis. 
The aetiology is unknown and, though it may well be 
atheroscolerotic, the female preponderance raises 
the possibility of this being a distinct clinical syn- 
drome. All patients had typical exercise related 
angina and all are now symptom free following 
saphenous vein internal mammary artery graftung. 
In one patient the operation was performed at the 
eleventh week of a successfully completed preg- 
nancy. 


Postmortem coronary arteriography 
following sudden death 


K D Dawkins, A G Wilson, A C Thomas, 
M J Davies 
St George’s Hospital, London 


Postmortem coronary arteriography (CA) was 
undertaken in 75/patients dying suddenly. Seventeen 
(23%) studies were normal, and in the remaining 58 
patients 140 segments were classified according to 
the angiographic appearance by three independent 
observers who were in agreement on 122 (87:595) 
segments. The results were compared with histol- 
ogy. Plaque fissure (with or without thrombosis) was 
correctly identified by СА in 45 segments, with a 
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predictive accuracy of 95% when compared to his- 
tology. Old occlusions (with or without 
recanalisation) were seen in 22 segments (predictive 
accuracy 90%) and stable plaques or stenoses were 
seen 1n 48 segments (predictive accuracy 90%). In 25 
patients necropsy identified a clear cause of death 
outside the heart, in 17 (68%) CA was normal, in 5 
(20%) there were "stable" lesions, and in only 3 
(12%) were plaque fissures identified. Forty three 
(86%) of the 50 patients in whom death was pre- 
sumed to be cardiac had plaque fisssures (y? 38-5, 
p<0-001) and a “stable” lesion was seen in the 
remaining seven. 

We conclude that (a) postmortem coronary arte- 
riography compares favourably with histology as a 
method of categorising coronary artery lesions; that 
(b) in this study the frequent association of plaque 
fissures with sudden cardiac death compared with 
other "stable" coronary lesions supports a causative 
relation; and (c) that the recognition of plaque 
fissures 1dentified by in vivo coronary arteriography 
may influence patient management. 


Efficacy of flecainide in the control of 
ventricular response during exercise in 
established atrial fibrillation in digitalised 
patients: its comparison with beta blockade 


А K Agarwal, R G Lochan, Deborah Beard, 
V J Redding 

Regional Cardiac Unit, Groby Road Hospital, 
Leicester 


The control of ventricular rate in chronic established 
atrial fibrillation cannot always be effected by digi- 
talis alone, particularly during exercise. Twenty 
fully digitalised patients in atrial fibrillanon with 
uncontrolled ventricular rate were exercised on a 
treadmill according to the Sheffield protocol and 
were divided into two equally matched groups. Ven- 
tricular rate control was attempted by the addition of 
oral flecainide 100 mg twice a day (10 patients) and 
oral propranolol 80mg three times a day (10 
patients). In the flecainide group improved ventricu- 
lar rate control was achieved in seven out of eight 
patients with significant increase in exercise toler- 
ance in five. Two patients were withdrawn from the 
trial because of drug intolerance. In the propranolol 
group nine out of 10 patients showed improved ven- 
tricular rate control. Only four out of 10 demon- 
strated improved exercise tolerance. 

Our study suggests that flecainide acetate has an 
important role in the control of ventricular rate in 
atrial fibrillation in digitalised patients both at rest 
and during exercise. It parallels the effect achieved 
by beta blockade, however, with a comparative 
improvement in exercise potential. 
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Effect of chronic amiodarone treatment on 
pulmonary function 


J D S Higginson, J P McCann, B McHugh, B Buick, 
D McC Boyle 

Cardiac Department, Ulster Hospital, Dundonald, 
Belfast; and Pulmonary Function Laboratories, 
Forster Green and Belfast City Hospitals, Belfast 


Amiodarone has been reported to cause interstitial 
pneumonutis or fibrosis, usually with maintenance 
doses exceeding 400mg daily. А retrospective 
investigation of 41 patients receiving amiodarone for 
a mean of 12:9 months was carried out to determine 
whether smaller doses commonly affected pul- 
monary function. The mean maintenance dose was 
221 mg daily. At initial pulmonary function testing 
11 patients were identified as having an interstitial 
lung disorder (reduction in transfer factor below 
75% predicted value in the absence of significant 
airflow obstruction and emphysema). Five had an 
alternative identifiable cause of interstitial lung dis- 
order. Two of the remaining six patients complained 
of breathlessness since starting amiodarone. Five 
had no radiological evidence of pulmonary fibrosis. 
The mean duration of treatment was 21:4 months for 
patients with interstitial lung disorder, compared 
with 13-6 months for the remainder. Pulmonary 
function testing was repeated eight to 14 months 
later in 37 patients. Four of the initial six patients 
with interstitial lung disorder still had a reduction in 
carbon monoxide transfer factor to less than 80% of 
that predicted. One of the two with now normal 
pulmonary function had discontinued amiodarone. 
There were no new cases of interstital lung disorder. 

It is concluded that an interstitial lung disorder 
may be present in symptom free patients with nor- 
mal radiological assessment receiving low dose ami- 
odarone. Follow up longer than one year will be 
necessary to assess fully the effect of amiodarone on 
pulmonary function. 


Temporary transvenous cardioversion for 
recurrent ventricular tachyarrhythmias 


Susan Lewis, C A Bucknell, S Ikram, R Vincent, 
D A Chamberlain 
Royal Sussex County Hospital, Brighton, Sussex 


Recurrent ventricular tachyarrhythmias (VT/VF) 
occurring within the first 12 hours after myocardial 
infarction pose several problems: these include 
repeated general anaesthetics, delays before cardio- 
version, and superficial burns. Nevertheless, long 
term prognosis can be good in those patients who 
survive this acute phase. We have investigated the 
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efficacy of DC shocks of varying energies (0-5J to 
25 J) generated by a Cardioverter (Medtronic model 
5350) and delivered to the right ventricular endo- 
cardium for the treatment of ventricular tachy- 
arrhythmias. Insertion of a specially constructed 
temporary lead was attempted in 11 patients (six men 
and five women, age range 55-72 years) because of 
recurrent VT in five and VF in six. In all but two 
patients these arrhythmias complicated acute myo- 
cardial infarction. In nine the lead was inserted with- 
out difficulty, but lack of stability (one case) and 
provocation of ventricular fibrillation (one case) pre- 
vented placement by skiled operators in two 
patients. Successful cardioversion was achieved on 
25 separate occasions. The energy required varied 
from 0-05 J to 15 J (mean 6:8]). Low energy shocks 
(0-05—5 J) failed on two occasions (one case of ven- 
tricular tachycardia and one case of ventricular 
fibrillation; but medium energy shocks (10—15]) 
were uniformly successful. Energies needed for con- 
version of ventricular tachycardia (mean 4:6 J) ten- 
ded to be lower than for ventricular fibrillation 
(mean 10 3J). No evidence of myocardial damage 
was detected as a result of repeated shocks in two 
patients who subsequently died of intractable heart 
failure. Although the present lead can be difficult to 
insert, our experience suggests that temporary trans- 
venous cardioversion can be a safe and effective 
method for treating recurrent ventricular tachy- 
arrhythmias, offering some advantages over con- 
ventional methods. 


Ischaemia and sinus node disease 


N J Linker, R Evans, C A Kekwick, D B Shaw 
Cardiac Department, Royal Devon and Exeter 
Hospital (Wonford) 


Sinus node disease is one of the commonest condi- 
tions requiring pacemaker treatment yet its aetiology 
is still uncertain. Initially it was thought to be 
ischaemic in origin but latterly this has been dis- 
puted. We report a study of the sinus node and atrial 
blood supply in patients with chronic sinus node 
disease by necropsy angiography. The hearts were 
injected with Chromopaque that fills vessels down to 
arteriolar size. The right coronary artery was injec- 
ted first and radiographs were taken in three planes. 
The left coronary artery was then injected with a 
different coloured dye and further radiographs were 
taken. Subsequently the sinus node was examined 
histologically by serial section. The findings in 23 
cases of chronic sinus node disease were compared 
with those in 59 cases with normal sinus node func- 
tion. In 19 patients with sinus node disease the sino- 
atrial node artery filled normally with no evidence of 
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narrowing either of the artery itself or of the parent 
coronary vessel. The sinoatrial node artery filled 
partly or not at all in four cases. In three other hearts 
with normal sinus node arterial filling there were 
gross networks of collateral vessels supplying the 
territory of the contralateral coronary artery which 
was obstructed at its origin, circumstances that are 
compatible with a vascular steal. 

Interferences from necropsy data about function 
during life must be made with caution. It seems 
likely, however, that our methods overestimate 
rather than underestimate the importance of arterial 
lesions. With these reservations it 1s suggested that in 
our material ischaemic heart disease was unlikely to 
have been the aetiological factor in the majority of 
patients but probably was important in a significant 
proportion. 


The familial recurrence of congenital heart 
disease 


Lindsey D Allan, Diane C Crawford, Sunder 
K Chita, R H Anderson, M J Tynan 

Guy's Hospital and Department of Paediatric 
Cardiology, the Cardiothoracic Institute, London 


In a five year study 1021 patients have been referred 
for fetal echocardiography because of a family his- 
tory of congenital heart disease. The index case was 
one previously affected child in 884 cases; two 
affected children in 30 cases; three affected children 
in two cases; an affected parent in 41 cases; an 
affected second degree relative in 39 cases; the 
relationship of the affected index case was unknown 
in 25 cases. The index case was male in 56% of cases 
and had died in 6895. The overall recurrence rate 
was 20 cases—17 in cases where the index case was 
one affected child and three in cases where the index 
case was two affected children. This gives recurrence 
rates of 1 in 52 and 1 in 10 respectively. There were 
no recurrences in the other groups. There was an 
increased tendency to refer mothers when the pre- 
vious child had died, and mothers of index cases with 
severe defects were disproportionately selected for 
referral. Hypoplastic left heart syndrome was the 
most frequent diagnosis in the index cases. Even 
allowing for this, left sided lesions showed an 
increased risk of recurrence. So also did complex 
anomaly of the type commonly associated with atrial 
isomerism. It appears that some forms of congenital 
heart disease are more likely to recur within a family 
group than others. Although the recurrent lesion was 
concordant or similar in 13 of the 20 recurrences, in 
the remaining seven cases the severity of the recur- 
rent lesions differed from that in the index case. 
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Prevalence of hypertension in habitually 
salted-tea drinking population in Northern 
Kashmir 


M A Mir, F Mir, T Khosla 
Department of Medicine and Medical Statistics, 
University of Wales College of Medicine, Cardiff 


Numerous epidemiological, clinical, and experi- 
mental studies have suggested that a high salt intake 
is causally related to the incidence of hypertension. 
Many of these studies have been criticised, however, 
mainly because environmental factors have received 
less emphasis than salt. Western civilisation of an 
area or migration into a “‘civilised’’ area must bring 
into play a constellation of environmental, cultural, 
dietary, and economical factors in addition to salt 
that may influence blood pressure. In this study we 
attempted to explore the relation between salt and 
blood pressure in a salted-tea drinking population of 
Northern Kashmir that has not been exposed to a 
Western way of life. All the available family mem- 
bers of randomly selected houses in 14 villages were 
studied. Dietary intake was documented for the 
whole month of the study period to estimate the daily 
salt consumption in 313 subjects (210 males, 103 
females). Their age ranged from 15 to 85 years 
(median 35) and their mean daily salt intake was 
150 (52) mmol (range 80—440). Both the systolic and 
diastolic blood pressures showed а significant 
increase with salt intake and age; multiple regression 
analysis suggested an independent effect of salt 
intake on blood pressure after adjusting for age. Fifty 
nine (18 8%) subjects had hypertension (blood pres- 
sure > 145/100 mm Hg); their daily salt intake was 
significantly higher than that of normotensive sub- 
jects (186 (66) os 141 (44) mmol; p « 0:001). These 
studies suggest a relation between babitual high salt 
intake and essential hypertension. 


Factors influencing survival and mode of 
death in chronic ischaemic cardiac failure 


D R Glover, W A Littler 
University of Birmingham Department of 
Cardiovascular Medicine, Birmingham 


A consecutive series of 50 patients (40 males, 10 
female) aged 57 (7) years (mean (1 SD)) with severe 
chronic ischaemic cardiac failure for more than three 
months was followed for 17-7(10-8) months. The 
mean left ventricular ejection fraction for the group 
was 0-28(0-14), and all patients were receiving 
intensive medical treatment—daily dose of frus- 
emide 121 (139) mg; 44 were on digoxin and 28 were 
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on vasodilator drugs. During follow up four patients 
have successfully undergone cardiac surgery and 
medical treatment was modified in the majority of 
patients, with four patients receiving antiarrhythmic 
drugs. Twenty six patients died, 17 suddenly within 
one hour of onset of symptoms and nine of 
progressive cardiac failure. Mortality was 28% at 
one year and 69% at two years. Multivariate analysis 
showed that death was most likely to occur in 
patients with the poorest left ventricular ejection 
fraction (survivors 0:35 (0-14) vs deaths 0:20 (0:08) 
(p «0-005)) and ın patients with the most serious 
ventricular arrhythmias on ambulatory electro- 
cardiographic monitoring (survivors (Lown score) 
19(12) vs deaths 3-4(1-6) (p<0-05)). No 
differences were detected in ejection fraction and 
Lown score between sudden and non-sudden 
deaths. Several variables did пог. statistically 
influence survival or mode of death; these included 
age, duration of cardiac failure, number of myo- 
cardial 1nfarctions or diseased coronary vessels, pul- 
monary capillary wedge pressure, New York Heart 
Association functional class, cardiothoracic ratio, 
exercise capacity, and intensity or type of drug treat- 
ment. Thus to determine the prognosis in severe 
cardiac failure, reliance cannot be placed on the 
above variables. Assessment of left ventricular ejec- 
tion fraction and ambulatory electrocardiographic 
monitoring are the best predictors of survival. None 
of the above variables predicted the mode of death. 


Infective endocarditis: current incidence and 
mortality : 


J D Skehan, M Murray, P G Mills 
The London Hospital, Whitechapel, London; and 
Broomfield Hospital, Chelmsford, Essex 


One hundred and eighty two cases of infective endo- 
carditis in the North East Thames Region were stud- 
ied over two and a half years. This gives a minimal 
annual incidence of 21 cases per million and proba- 
bly underestimates the true figure by only 15-20%. 
Overall mortality was 21% (39 deaths). Subgroup 
mortality was Streptococcus viridans infection 7% 
(6/82), age under 60 years 9:5% (10/95), age 60 or 
over 34% (28/82), Staphylococcus aureus infection 
31% (8/26), prosthetic valve endocarditis 53% 
(10/19), and Staph epidermidis infection 67% (8/12). 
Strep viridans was the commonest infecting 
organism (45%) and dental procedures (15%) or 
dental sepsis (12%) were the commonest causative 
events. Drug abuse (7%) and cystoscopy (3%) were 
the most frequent amongst other specific causes. No 
cause was found in 50% of cases. There were no 
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cases of failure of antibiotic prophylaxis, but in nine 
patients endocarditis followed inappropriate omis- 
sion or maladministration of prophylaxis. Mitral 
valve involvement was more frequent than aortic 
(53% vs 37%) and had a lower mortality (21% ws 
28%). Underlying pathology was rheumatic (20%), 
mutral prolapse (19%), bicuspid aortic valve (10%), 
congenital (6%), and unknown in 35%. Echo- 
cardiographic detection of vegetations in 50% of 
those investigated (139 patients) was not associated 
with an increased mortality. Surgery carried a mor- 
tality of 7% (2/29) in native valve infection but 80% 
(4/5) in prosthetic valve infection. It is likely that 
surgical intervention lowers the mortality associated 
with native valve infective endocarditis. Earber diag- 
nosis and cperation might have improved the out- 
come in six of the 37 patients who died. A reduction 
in incidence might occur with correct use, of anti- 
biotic prophylaxis and improved dental health. 


Exercise capacity and heart rhythm following 
transvenous fulguration of atrioventricular 
conduction 


Р М Schofield, R J Bowes, D Н Bennett 
Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester 


Twenty four patients, aged 19—67 years, were stud- 
ied 4-36 (mean 17) months after transvenous ful- 
guration of the atrioventricular junction to assess 
exercise capacity and spontaneous heart rhythm. 
Fifteen patients had had atrioventricular re-entrant 
tachycardia and nine patients, four with mitral valve 
disease and five with the “‘brady-tachy”’ syndrome, 
had had an uncontrollable ventricular response to 
atrial fibrillanon or flutter. 1 to 3 direct current 
shocks of 220—400 J were delivered via a His bundle 
electrode in each case. After fulguration, 17 patients 
had complete and five partial atrioventricular block. 
In two patients sinus rhythm was maintained via an 
accessory atrioventricular pathway. Though all 
patients were free of palpitation after the procedure, 
10 developed exertional dyspnoea, and pre-existing 
dyspnoea worsened in two patients. Twenty three 
patients underwent exercise testing during ventricu- 
lar demand pacing at 60 or 70 beats per minute using 
the Bruce protocol. Exercise time was reduced to 45 
(23%) (mean (SD)) of the predicted value for their 
age and sex. In six patients with complete heart block 
there was an increase in ventricular rate during exer- 
cise. In three patients with partial heart block the 
degree of atrioventricular block increased on exer- 
cise. The 13 patients with rate responsive pace- 
makers (DDD or T'X) demonstrated a significantly 
better but still impaired exercise capacity during 
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physiological pacing (67(24)%) as compared with 
their performance during fixed rate pacing (41 (18)% 
(p< 0-001). 

We conclude that though the procedure is success- 
ful in controlling tachycardia 1t may cause a reduc- 
tion in exercise capacity. Most patients remain in 
complete atrioventricular block after the procedure 
and, in contrast to the practice as described in early 
reports, would benefit from “‘physiological” pacing; 
though even with this mode exercise is hkely to be 
abnormal. 


Eleven years’ experience of pacemaker 
insertion and therapy in a cardiothoracic 
centre 


R A Greenbaum, R Balcon 
London Chest Hospital, London 


Six hundred and five patients had a first pacemaker 
implantation between 1970 and 1980. All but one 
had single lead ventricular systems. All deaths were 
known as patients were indexed with the census 
authorities. Probability of survival was calculated 
and the significance of differences between groups 
was assessed by Wilcoxon's signed rank test. There 
were 312 males and 293 females, 373 (62%) aged 
over 70 years, 146 (2495) aged 60—70 years. Five- 
hundred and nineteen (87%) were symptomatic. Of 
these, 346 (6795) had syncope, 91 (1795) suffered 
near syncope or dizzy spells, and 61 (12%) were 
dyspnoeic. Three hundred and eight (51%) have 
died. Women had significantly better survival than 
men (p « 0:05). The probability of surviving one year 
was 0-84 for males (0-92 for females), three years 0:68 
for males (0-79 for females), five years 0-56 for males 
(0-65 for females), and ten years 0-22 for males (0 37 
for females). The probability of five year survival 
was 0-6 in symptomatic patients. In 286 patients 
with complete atrioventricular dissociation the 
probability of five year survival was 0 63 while in 84 
patients with electrocardiographic evidence of sick 
sinus syndrome it was 055 (NS). In England and 
Wales the probability of surviving five years at age 75 
is 0-61 for males (0-76 for females). 

It is concluded that patients having a pacemaker 
implantation have a similar expectation of life as the 
normal population. Patients with complete atrio- 
ventricular dissociation surprisingly had a similar 
probability of five year survival as those with sick 
sinus syndrome. 
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Low energy endocardial countershock for the 
treatment of ventricular tachycardia and 
fibrillation 


A W Nathan, R A J Spurrell, A J Camm 
St Bartholomew’s Hospital, London 


Low energy endocardial countershock (microshock) 
was used in 15 patients, aged 33 to 67 (mean 53) 
years, with ventricular tachycardia. Five of the 
patients were receiving antiarrhythmic drugs. A 
special large surface area lead, with its active up in 
the right ventricle and the indifferent electrode in the 
right atrium or superior vena cava (10 patients) or in 
the inferior vena cava (five patients), was used with 
either an attenuated QRS synchronous defibrillator 
or with a special unit triggered by endocardial sig- 
nals. Sixty eight shocks (10 to 6700, mean 1138 mJ) 
were used for ventricular tachycardia. Nine patients 
were successfully treated (20 shocks) with no appar- 
ent difference between the two sites used for the 
indifferent electrode (right atrium or superior vena 
cava (six); inferior vena cava (three)). Further micro- 
shock in the remaining six patients was limited by 
pain or by degeneration to ventricular fibrillation. 
Proarrhythmic effects included atrial fibrillation in 
one patient, acceleration of ventricular tachycardia 
in two, and ventricular fibrillanon in five. Pacing 
with bursts and extrastimuli was effective 1n eight 
patients (five of the nine in whom microshock was 
successful and three of the other six). Pacing caused 
ventricular fibrillation in one patient and accelerated 
tachycardia in two. Microshock (5000mJ) was 
effective for ventricular fibrillation in one of three 
patients. 

In conclusion, pacing was safer but slightly less 
effective than microshock for the treatment of ven- 
tricular tachycardia, but their combined use allowed 
successful treatment in more patients than with 
either alone. Microshock may occasionally be 
effective for ventricular fibrillation. 


Conduction between donor and recipient atria 
following orthotopic cardiac transplantation 


А G Mutchell, M H Yacoub 
Harefield Hospital, Middlesex 


'The relations between mechanical and electrical 
activity of donor (D) and recipient (R) atria were 
analysed in 61 unselected patients undergoing 
annual reinvestigation after orthotopic cardiac trans- 
plantation. Close correlation between the two atria 
was observed in 10 (16%) patients who comprised 
the subjects of this study. There were nine males and 
one female, with a mean age at transplantation of 
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46-9 years. The mean age of the donors was 21:3 
years. Immunosuppression was achieved with 
steroids and azathioprine in eight patients two of 
whom had cyclosporin added after two years; the 
remaining two patients received only cyclosporin 
and azathioprine. The frequency with which the cor- 
relation was observed increased from 4% at one year 
to 66% at five years after transplantation. Electro- 
physiological studies showed a constant relation 
between the donor atrial electrogram (DE) and the 
recipient atrial electrogram (RE), with the DE pre- 
ceding the RE at rest. The interval between DE and 
RE varied from 80 ms to 240 ms (mean 145 ms). This 
relation remained constant during incremental 
donor atrial pacing, with two patients developing 2:1 
block at rates of 170 and 130 beats per minute. 
Recipient atrial pacing showed conduction from R to 
D in six of the eight tested. The functional refractory 
periods of the D to R pathway, derived by atrial 
premature stimuli in five patients, ranged from 
280 ms to 430 ms (mean 328 ms) with two of these 
patients having significantly shorter effective refrac- 
tory periods. 

It is concluded tbat electrical conduction can 
occur across the suture line after transplantation. 
This has important clinical implications. 


Four dimensional cardiac imaging 


LD R Smith, P Quarendon 
Brompton Hospital and IBM (UK) Scientific Centre 


А system for the production of a four dimensional 
(moving three dimensional) epicardial left ventricu- 
logram modelled and highlighted to show regional 
wall motion is described and demonstrated. The 
computer generated moving imaging is derived by 
fitting a surface to the three dimensional coordinates 
of coronary artery bifurcations. These are deter- 
mined by analysis of digitised biplane coronary cine- 
angiograms that have been calibrated within a 
defined external coordinate system and corrected for 
pincushion distortion. The derived three dimen- 
sional data points are then interpolated and the 
resulting surface, which is lit from a point source, 
may be viewed from any angle. The coronary arteries 
are then superimposed to aid orientation and inter- 
pretation. Successive frames through the cardiac 
cycle may be displayed in sequence at any speed, 
thus producing cardiac wall motion. 

This image system not only provides a unique 
three dimensional view of left ventricular activity 
but also, since the positions of all the data points at 
any time are known, measures may be made of wall 
velocity, acceleration, rotation, and torsion (either 
with reference to the external coordinate system or to 
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a computed time dependent internal coordinate sys- 
tem). The changes in these measures of wall motion 
are displayed in the three dimensional image as 
different colours. 


Magnetic resonance quantification of atrial 
shunting and valvar regurgitation 


S R Underwood, R H Klipstein, О N Firmin, 

K M Fox, P A Poole-Wilson, R S O Rees, 

D B Longmore 

Magnetic Resonance Unit, the National Heart and 
Chest Hospitals, London 


We have previously shown that both left and right 
ventricular volumes can be measured accurately by 
magnetic resonance. The purpose of this study is to 
quantify valvar regurgitation and left to right shunt- 
ing through an atrial septal defect by comparing left 
and right ventricular stroke volumes, which should 
be identical over the period of imaging in the absence 
of regurgitation or shunting. Fifteen patients were 
studied by magnetic resonance, first pass and equi- 
librium radionuclide angiocardiography, and cardiac 
catheterisation. Multiple transverse magnetic reso- 
nance images were acquired at end diastole and end 
systole using a Picker International machine oper- 
ating at 0-24 tesla and using a spin echo sequence 
with an echo time of 24ms. Ventricular volumes 
were calculated by summing their areas in tbe con- 
tiguous lcm sections. In 20 normal subjects the 
mean left tc right ventricular stroke volume ratio was 
1:01 (SD 0-067), thus establishing a normal range of 
0-88-1-14. In five patients with atrial septal defect 
the stroke volume ratio was abnormal and the cor- 
relation coefficient between magnetic resonance and 
oximetric determination of the ratio of pulmonary 
flow to systemic flow was 0-91. In five patients with 
mitral regurgitation and five with aortic regur- 
gitation the stroke volume ratio was also abnormal, 
and the degree of abnormality was similar to semi- 
quantitative assessment by x ray angiocardiography. 
The correlation coefficients between magnetic reso- 
nance and radionuclide values of left ventricular 
ejection fraction, right ventricular ejection fraction, 
and stroke volume ratio were 0-88, 0-88, and 0-82 
respectively. The radionuclide measurements 
underestimated right ventricular stroke volume, 
however, especially in the patients with atrial septal 
defect and a dilated right heart, because of overlap of 
nght atrium and ventricle in the left anterior oblique 
projection. 

Magnetic resonance provides a non-invasive 
method to quantify valvar regurgitation and atrial 
shunting, and may improve the assessment of such 
panents. 
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Detection of coronary disease: a comparison 
between exercise technetium 
ventriculography and exercise thallium 
imaging 


I McGhie, Ann Tweddel, W Martin, I Hutton 
Department of Medical Cardiology and Cardiac 
Surgery, Royal Infirmary, Glasgow 


Radionuclides have become widely used for the 
detection of coronary artery disease. In this study we 
compared gated exercise technetium scans at rest 
and during maximal supine exercise and post- 
exercise gated thallium imaging in 50 male patients 
undergomg routine coronary angiography. The 
mean age of the patients was 48:8 years (range 23-67 
years); eight had normal coronary arteries, nine had 
single, 20 had double, and 13 had triple vessel dis- 
ease. Both radionuclide investigations were per- 
formed within 48 hours of coronary angiography. 
Exercise testing was maximal symptom limited and 
performed on a bicycle ergometer. Thallium was 
injected intravenously 30s before termination of 
exercise and images were obtained in three 
projections gated то the electrocardiogram. Gated 
technetium scans were obtained in a 30—45? left ante- 
rior oblique projection with a 5-10? caudal tilt at rest 
and at peak exercise. Technetium scans were anal- 
ysed for regional wall motion abnormalities occur- 
ring at rest or on exercise and also for the left ventric- 
ular ejection fraction response to exercise. Left 
ventricular ejection fraction response to exercise was 
assessed with normal values form 14 healthy volun- 
teers; a failure to increase the left ventricular ejection 
fraction by 23% on exercise was considered to be 
abnormal. The presence of a regional wall motion 
abnormality or an abnormal left ventricular ejection 
fraction response was considered indicative of coro- 
nary artery disease. This provided a sensitivity of 
78%, a specificity of 75%, and a predictive accuracy 
of 78%. Thallium scans were analysed visually and 
the presence of a defect was considered indicative of 
underlying coronary disease. This provided a sensi- 
tivity of 100%, a specificity of 75%, and a predictive 
accuracy of 96%. These results show that exercise 
gated thallium imaging is superior to exercise gated 
technetium ventriculography and therefore is the 
investigation of choice in the detection of coronary 
artery disease. 


Myocardial imaging with iodine-123 
meta-iodobenzylguanidine 


- S Walton, D C Costa, P J Ell, R W Emanuel 


Middlesex Hospital, London 
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Iodine-123 meta-iodobenzylguanidine, an analogue 
of guanethidine, is taken up by sympathetic nerves in 
а similar manner to noradrenaline. It has been used 
to detect and to treat phaeochromocytoma. In this 
study we report our experience is using this tracer to 
image catecholamine uptake into myocardial sym- 
pathetic neurones. 125 MBq of the tracer was injec- 
ted intravenously in 10 subjects and imaging was 
performed 30 minutes later. Planar images were 
obtained in five subjects and tomograms in five. For 
planar imaging, 500000 counts were collected in 
anteroposterior and left anterior oblique projections. 
Tomograms were reconstructed from 32 images, 
each of 30 s collected over a 180? arc. In two subjects 
there was no myocardial uptake. Both had phae- 
ochromocytoma with raised plasma noradrenaline 
concentrations. 'Tracer uptake was apparent in eight 
subjects. In seven this was uniform throughout the 
myocardium, but in one there was a defect corre- 
sponding to a previous myocardial infarction. 

Myocardial imaging with iodine-123 meta- 
iodobenzylguanidine is feasible. In our early experi- 
ence uptake 1s reduced in conditions of cate- 
cholamine excess or after myocardial infarction. 
'This approach should permit examination of myo- 
cardial sympathetic nerve function in myocardial 
disease. 


Segmental wall motion analysis of cross 
sectional echocardiograms; its reproducibility 
and sources of variability 


I Peart, A Austin, D Appleton, R J C Hall 
Royal Victoria Infirmary, Newcastle upon Tyne 


Subjective analysis of left ventricular segmental wall 
motion is widely used to assess regional left ventric- 
ular function and the effects of interventions in 
patients with ischaemic heart disease. To determine 
its reproducibility we studied 20 consecutive men 
with proven ischaemic heart disease and 10 age 
matched controls. Standard parasternal, apical, and 
subxiphoid views were attempted in all subjects by 
two echocardiographers, and echoes were reported 
by two analysers, each on two occasions. The left 
ventricle was subdivided into five segments, and wall 
motion was scored as normal, hypokinetic, akinetic, 
dyskinetic, or inadequately visualised. T'he different 
sources of variability were evaluated. The echo- 
cardiographers contributed little variability, the fre- 
quency and reproducubility of reporting being the 
same for echoes from each echocardiographer except 
for subxiphoid echoes where more segments were 
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reported to be abnormal by one of the echo- 
cardiographers (45% vs 27%). Within and between 
analyser variability was large. Replicate analysis of 
the same segment showed within analyser agreement 
of 92% for one analyser but only 80% for the other. 
Between analyser agreement was 89% for some seg- 
ments but only 63% for others and was best in those 
segments where both analysers infrequently 
reported abnormal wall motion. Reporting bias is 
thus an important variable. 

The subjective assessment of regional left ventric- 
ular function thus has major limitations particularly 
for use in longitudinal studies. 


“Physiological” tricuspid and pulmonary 
regurgitation: their varying incidence in a 
representative adult cardiac population 


J Upward, V Challenor, G R Sutherland 
Wessex Cardiothoracic Centre, Southampton 


Peak systolic right ventricular pulmonary artery 
pressure and pulmonary artery end diastolic pres- 
sure can be accurately evaluated by Doppler if both 
complete forward and regurgitant flow wave forms 
can be recorded across both the tricuspid and pul- 
monary valves. In our experience both pulsed and 
continuous wave Doppler echocardiography fre- 
quently demonstrate tricuspid and pulmonary valve 
regurgitation in normal individuals, To determine 
the precise incidence of “physiological” right heart 
valve incompetence in a representative adult cardiac 
population (and thus the frequency with which right 
heart pressures could be estimated), we analysed 
consecutive complete Doppler echocardiographic 
studies of 413 patients undergoing routine 
investigation. No patient had auscultatory evidence 
of tricuspid or pulmonary valve incompetence. Tri- 
cuspid valve regurgitation was best recorded by a 
through transducer continuous wave Doppler tech- 
nique and was present in 46% normals, 57% of those 
with ischaemia (with ejection fraction > 60%), 73% 
patients with cardiomyopathy, 81% with mitral or 
mixed left heart valve disease, 76% patients with 
isolated aortic disease, and in 87% with mitral or 
aortic prostheses. In contrast, pulmonary value 
regurgitant wave forms were best recorded by a 
pulsed wave Doppler technique and they were 
present in 58% normals, 71% with ischaemia, 73% 
with cardiomyopathy, 84% with mitral or mixed left 
heart valve disease, 72% with aortic disease, and in 
89% with aortic or mitral prostheses. The “рһуз- 
iological” tricuspid and pulmonary regurgitation 
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present in these patients could be differentiated from 
functional regurgitation studied in a further 52 
patients by (a) absence of murmur, (6) Doppler sig- 
nal strength, and (c) width and length of jet. In con- 
clusion “physiological” tricuspid and pulmonary 
regurgitation are normal findings in about half the 
normal population but they occur more frequently in 
patients with cardiac disease, m whom their inci- 
dence is related to the cardiac lesion. Simultaneous 
correlative catheter/Doppler studies confirmed that 
these wave forms will allow accurate right heart pres- 
sure evaluztion in >71% of patients with cardiac 
diseasc. 


Two dimensional and pulsed Doppler 
investigations of children with early systolic 
murmurs 


S C Jordan 
Bristol Royal Hospital for Sick Children, Bristol 


An early systolic murmur localised to the lower left 
sternal border is generally regarded as a sign of a 
persistent small ventricular septal defect. Twenty 
children aged from 4 to 15 years were studied by 
cross sectional and pulsed Doppler ultrasound. Nine 
had been documented earlier as having a pansystolic 
murmur and two had had evidence of a large shunt 
(cardiomegaly or breathlessness). In eight of the 20 
patients the early systolic murmur was confined to or 
accentuated in inspiration. Cross sectional studies 
showed a pseudoaneurysm of the membranous inter- 
ventricular septum or adherence of tricuspid valve 
tissue in 17. Pulsed Doppler examination did not 
show evidence of persistent left to right ventricular 
shunt in ary patients. Seventeen patients showed a 
Doppler signal consistent with early systolic reflux 
through the tricuspid valve. Two of the three 
patients who did not show this had murmurs heard 
only in inspiration. 

It is suggested that the early systolic murmur of a 
“closing ventricular septal defect” is caused by tri- 
cuspid reflux produced by incorporation of the septal 
cusp of the tricuspid valve in the defect and that the 
defect is at that stage completely closed. 


Doppler estimation of pressure gradient in 
infundibular pulmonary stenosis 


A B Houston, I A Simpson, C D Sheldon, W B Doig, 
E N Coleman 
Royal Hospital For Sick Children, Glasgow 
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The validity of Doppler ultrasound п estimating the 
gradient in patients with pulmonary valve stenosis is 
now accepted, but there is little information of 1ts use 
in infundibular stenosis where energy losses due to 
friction might invalidate the modified Bernoulli 
equation. The report reviews our experience in com- 
paring Doppler estimation of pressure gradient with 
that measured at cardiac catheterisation in 24 chil- 
dren (aged 7 days to 16 years, mean 2:6 years) with 
pulmonary infundibular stenosis, including 13 with 
tetralogy of Fallot. Various parasternal and subcostal 
positions were explored to obtain maximum velocity 
of blood flow and the obstructive gradient was calcu- 
lated from the modified Bernoulli formula. The gra- 
dient across the obstruction could be measured 
directly at the ume of catheterisation in only 17. 
Comparison of the Doppler results and the measured 
gradient showed a good correlation with mea- 
surements made on catheter entry (r=0-94) but a 
poorer one with measurements made on withdrawal 
(г==0:79). Doppler ultrasound, by measuring the 
total gradient from the right ventricle to the pul- 
monary artery, provides an accurate non-invasive 
assessment of the severity of pulmonary stenosis and 
in those with infundibular obstruction allowance 
need not be made for possible energy losses due to 
the elongated nature of the obstruction or narrowing 
at more than one level. 


Effect of nitrates on coronary re-occlusion 
during intracoronary thrombolysis 


D Hackett, G Davies, S Chierchia, A Maseri 
Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


The relative roles of thrombosis and coronary vaso- 
constriction in the pathogenesis of acute myocardial 
infarction are poorly understood. We performed 
coronary arteriography in eight patients (on nine 
occasions) within two hours of the onset of sustained 
ST elevation (group 1) and in 10 patients 2-4 hours 
after the onset of continuous chest pain associated 
with S'T elevation (group 2). All pauents had coro- 
nary occlusion which failed to open with intra- 
coronary isosorbide dinitrate 2mg and after this 
thrombolysis was attempted with intracoronary 
streptokinase at 5000 IU/min. The artery was patent 
at the end of the procedure in six instances in group 
1, with no subsequent development of pathological 
Q waves in five of these, and in eight patients in 
group 2 all of whom developed Q waves (y? 4:94; 
p<0-05). Spontaneous, intermittent reopening and 
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re-occlusion of the vessel during continuous strep- 
tokinase infusion were seen in five instances in group 
1 and in two patients 1n group 2. In four patients 
(two in group | and two in group 2) intracoronary 
isosorbide dinitrate re-established transient patency 
of the re-occluded artery. In six patients in group 2 
partial reopening was achieved by streptokinase 
alone but distal filling and runoff of contrast medium 
were poor. In this gróup, however, further intra- 
coronary isosorbide dinitrate resulted ın patency of 
the artery in eight patients with normal filling and 
run off contrast medium in six. 

Intermittent arterial reopening and re-occlusion 
are seen both before myocardial infarction and dur- 
ing 15 acute evolution. Interaction between intra- 
]uminal thrombosis and coronary vasoconstriction 
appears to perpetuate the coronary occlusion. Com- 
bined thrombolytic and nitrate therapy increases the 
rate of coronary recanalisation and, when given very 
early, may prevent myocardial infarction. 


Follow up to two years in 108 patients with 
severe early cardiac infarction treated with 
intravenous streptokinase 


D B O’Keeffe, Patricia Morton, J G Murtagh, 
M E Scott 
Cardiac Unit, Belfast City Hospital, Belfast 


One hundred and eight patients with early (less than 
six hours) severe (Peel index > 12) cardiac infarction 
were treated with intravenous streptokinase (1-5 mul- 
lion units). One hundred and three patients were 
studied by coronary angiography (or at necropsy) 
and 79% had a patent infarct-related artery (patent 
group). Twenty one per cent showed persistent 
coronary occlusion or initial patency followed by 
reocclusion (occluded group). One hundred per cent 
follow up was obtained up from 3 to 24 months 
(mean 11 6 months). There was one hospital death 
(1-2%) in the patent group and four (19%) in the 
occluded group (p<0-05). During follow up there 
were four deaths in the patent group (49%) and 
none in the occluded group (NS). No deaths 
occurred in those treated with surgery (5-695) or 
percutaneous transluminal coronary angioplasty. 
Those with an occluded infarct-related artery were 
more likely to have disabling cardiac symptoms at 
follow up (2594 vs 40%, in New York Heart Associ- 
ation class III or IV, p «0-01), were significantly 
more likely to be disabled by angina (37.596 vs 
13-395, p « 0:05) but not by dyspnoea, and were 
more likely to have required urgent hospital admis- 
sion (41-294 vs 12-095, p<0 01). In the patent group 
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48% had been unable to resume their former 
occupation compared with 43% (NS) in the 
occluded group. 

In conclusion successful coronary reperfusion 
with intravenous  streptokinase conferred а 
significant advantage with respect to hospital mor- 
tality that appeared to be maintained during follow 
up. Failure of coronary reperfusion was associated 
with a worse symptomatic status, more disabling 
angina, and greater likelihood of hospital admission 
during follow up. 


Percutaneous transluminal coronary 
angioplasty—results in patients with acute 
myocardial infarction 


C D J Iisley, M B Ablett 
Cardiology Department, Dunedin Hospital, 
Dunedin, New Zealand 


The place of percutaneous transluminal coronary 
angioplasty (PTCA) in the treatment of acute myo- 
cardial infarction remains controversial. In our first 
24 patients (20 men and 4 women, mean age 51 years) 
undergoing PTCA related to an acute myocardial 
infarction, PTCA was performed only in the infarct 
related vessel and was attempted in 18 lesions (seven 
occlusions) in anterior descending arteries, one in a 
circumflex artery, and 11 (five occlusions) in right 
coronary arteries. Up to three sequential lesions in 
any one individual were successfully dilated. Pri- 
mary success (reduction in stenosis without associ- 
ated emergency bypass grafting was achieved in 26 
(8795) of these lesions (stenosis reduced from 
90(14)% (mean (SD)) to 30(29)%, n=30). Two 
(8%) patients went on to emergency bypass grafting, 
and one patient (who underwent PTCA during 
active external cardiac massage) died five hours after 
successful dilatation of an anterior descending artery 
occlusion. All six patients with dilatations within 1 5 
hours of the onset of chest pain have normal residual 
left ventricular function (peak creatine kinase 
324(130) U/l, ejection fraction 67(5)%). No 
improvement in left ventricular function was 
demonstrable in patients reperfused three hours or 
more after the onset of acute myocardial infarction 
(peak creatine kinase 1755 (690) U/l, ejection frac- 
tion 47(9)%). In follow up of 3-15 months one 
patient bad a further acüte myocardial infarction at 
two weeks post-PTCA and one has angina. A further 
three patients have symptomatic left ventricular 
impairment. Two thirds (16/24) of patients have had 
an uneventful recovery with return to normal life. 
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PTCA in acute myocardial infarction can be per- 
formed with acceptable risk. These preliminary 
results suggest that preservation of left ventricular 
function 18 only likely in the very early stages of 
myocardial infarction and that after two to three 
hours PTCA might only be indicated in the presence 
of continuing ischaemic chest pain. 


How many patients with myocardial 
infarction are suitable for thrombolysis? 


N Murray, J Lyons, R Balcon, C Layton 
London Chest Hospital, London 


Thrombolytic therapy is now widely advocated in 
the management of acute myocardial infarction 
(AMI). To be of benefit treatment should be ini- 
tiated within six hours and preferably be applicable 
to a majority of patients. 403 patients were consid- 
ered for entry into a trial of intravenous strep- 
tokinase in suspected AMI. 36(9%) were entered 
into the trial. The reasons for the exclusion of the 
remaining 367 (91%) are as follows. 260 (65%) were 
excluded because they failed to meet the inclusion 
criteria: 157(39%) presented later than six hours, 
19(5%) had atypical symptoms, and 84(21%) did 
not demonstrate ST elevation. 143(35%) patients 
fulfilled the inclusion criteria. 45 had con- 
traindicaticns to thrombolysis. Thus 98(24%) 
patients were suitable for participation in the trial. 
Of these, 42 (10%) were over 70 years, the upper age 
limit. Thus, according to this trial protocol, 
56 (14%) patients were suitable for thrombolysis and 
therefore eligible for recruitment. Two died before 
randomisation, six refused consent and twelve were 
not randomised for administrative reasons. 36 (9%) 
patients were therefore randomised. In view of the 
current enthusiasm for thrombolysis, these data sug- 
gest that such treatment may only be applicable to a 
small number of patients with AMI. 


Assessment of regional myocardial shortening 
using routine diagnostic coronary 
arteriograms 


R A Perry, M F Shiu 
University Department of Cardiology, Queen 
Elizabeth Hospital, Edgbaston, Birmingham 


Regional myocardial shortening has been studied 
using epicardial markers implanted at operation and 
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this has been correlated with abnormalities of 
regional wall motion on left ventricular cine- 
angiogram. Coronary artery branch junctions have 
also been used as epicardial markers but this has 
involved biplane cineangiography and three dimen- 
sional computer graphics. We have analysed coro- 
nary artery shortening in one plane and correlated 
this with normal and abnormal left ventricular cine- 
angiograms in the same plane. Nineteen patients 
with normal and 19 with abnormal left ventricular 
cineangiograms were studied. Both left ventricular 
and left anterior descending coronary artery short- 
ening were assessed in the 30% right anterior 
oblique view using septal branches and the end 
bifurcation of the left anterior descending coronary 
artery as epicardial markers. Frame by frame con- 
tours of the left anterior descending coronary artery 
were drawn and the left ventricle was drawn in end 
diastole and end systole. The anterior wall and apex 
were divided into three segments and left anterior 
descending artery was divided into corresponding 
proximal, middle, and distal portions. The mean 
percentage total left anterior descending coronary 
artery shortening of the normal group compared 
with that of the abnormal group was 15:06 (7:3)% vs 
9 3(5-2)95, (p «0 01). There were also significant 
differences for the distal (15:2 (6:3)% vs 4-4 (9)%, 
p<0-01), and middle (24-1(8-1)% vs 16-7 (7-9)95, 
p «0:01) portions but not the proximal portion. The 
correlation with left ventricular cineangiographic 
score was г= —0-72 (р<0 01) for the total per- 
centage shortening and r= —0-76 (p<0-01) and 
r= — 0:67 (p «0-01) for the distal and middle por- 
tions respectively. . 

This relatively simple technique of assessing myo- 
cardial shortening may be of use when repeated left 
ventricular cineangiograms are not desirable such as 
during thrombolytic treatment or percutaneous 
transluminal coronary angioplasty. 


Functional effects of regional left ventricular 
asynchrony during acute angina 


J R Dawson, D G Gibson 
Brompton Hospital, London 


То study the effects of angina on regional energy 
transfer from myocardium to circulation simulta- 
neous left ventriculograms and high fidelity pressure 
traces were recorded in 12 patients at rest and during 
pacing induced angina. Pressure-volume loops were 
constructed together with isometric plots of regional 
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wall motion and corresponding pressure- 
displacement plots in the form of loops. Global and 
local work was derived from respective loop areas; 
cycle efficiency was defined as the ratio of a loop area 
to the product of total pressure change and wall dis- 
placement. Angina did not cause significant change 
in pressure-volume loop area or efficiency or in end 
systolic pressure volume relations, though diastolic 
pressure rose. Major regional effects were seen, how- 
ever. In the ischaemic area in four cases loop area fell 
due to a drop in the amplitude of displacement but 
the loops remained synchronous and efficiency was 
maintained. In eight cases there was a striking fall in 
regional efficiency due to the development of asyn- 
chrony; inward wall motion being delayed by up to 
160 ms with respect to minimum left ventricular vol- 
ume. In seven cases a similar reduction of efficiency 
was seen in distant non-ischaemic areas due to pre- 
mature cessation of inward wall motion by up to 
120 ms with respect to minumum left ventricular vol- 
ume and partial or complete outward wall motion 
before mitral valve opening. Thus the overall 
pressure-volume relation ís insensitive in detecting 
the effects of angina on left ventricular function. The 
major disturbance is loss of synchronous wall motion 
in both ischaemic and distant segments leading to 
reduced efficiency of energy transfer from myo- 
cardium to circulation. 


Comparison of ejection dynamics in 
hypertrophic cardiomyopathy and valvar 
aortic stenosis 


B Stockins, Shaughan Dickie, J P Lavender, 
Celia M Oakley, W J McKenna 
Hammersmith Hospital, London 


Previous studies in hypertrophic cardiomyopathy 
showed that the proportion of the stroke volume 
ejected in early and late systole was similar in 
patients with and without left ventricular gradients. 
We have compared the ejection dynamics in 15 
patients with valvar aortic stenosis (gradient 
50-130 mm Hg, mean 75) and 15 with hypertrophic 
cardiomyopathy who were matched for age, sex, 
and magnitude of resting systolic gradient 
(50-130 mm Hg, mean 81); 30 normal subjects were 
also studied. Technetium-99m equilibrium cine- 
angiography was performed, time activity curves 
were generated, and the proportion of stroke volume 
ejected during the different thirds of systole was 
computed. Peak ejection rate was faster in hyper- 
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trophic cardiomyopathy (3-7 (0-6) ed v/s) than in 
normal individuals (3-4(0-4) ed v/s, p<0-01) and 
slowest in aortic stenosis (3 21(0-4) ed v/s, 
p<0-001). Time to peak ejection rate was shorter in 
hypertrophic cardiomyopathy (172 (32) ms) than in 
normals (206(30) ms, р<0:01) and longest in 
patients with aortic stenosis (218 (28) ms, p « 0-01). 
Ejection time was prolonged in hypertrophic cardio- 
myopathy (394 (58) ms) and aortic stenosis (386 (33) 
ms) compared with normals (361 (30) ms, p « 0-05). 
The proportion of volume ejected in the first third of 
systole was greater in hypertrophic cardiomyopathy 
(39(5)%) than in normals (32(6)%, p<0-01) and 
least in aortic stenosis (21 (4)%, p<0-001). The vol- 
ume ejected during the last third of systole was only 
15% in hypertrophic cardiomyopathy compared 
with 20% in normals (p « 0-01) and 30% in aortic 
stenosis (р « 0-001). . 

This supports the view that gradients in hyper- 
trophic cardiomyopathy do not represent true 
obstruction to left ventricular emptying and that the 
haemodynamic significance of gradients of similar 
magnitude is different in hypertrophic cardio- 
myopathy and aortic stenosis. 


Maximal force, fibre type, and enzymatic 
activity in quadriceps of patients with severe 
heart failure: a mechanism for reduced 
exercise capacity 


D P Lipkin, D A Jones, J M Round, 

P A Poole-Wilson 

Cardiothoracic Institute and University College, 
London 


The mechanisms limiting exercise capacity in 
patients with chronic heart failure (CHF) are uncer- 
tain but are in part related to underperfusion of 
skeletal muscle on exercise. We have investigated 
whether in addition there are changes in maximal 
force of contraction, fibre type, and enzymatic activ- 
ity in skeletal muscle. Ten patients (8 men, 2 women) 
mean age 52 years (range 33—70) with CHF (NYHA 
class III) were studied. Symptom limited maximal 
oxygen consumption (VO, max) was measured dur- 
ing treadmill exercise. Maximal force of isometric 
contraction of quadriceps muscle was determined. A 
needle biopsy of the quadriceps muscle was per- 
formed under local anaesthesia when the patient was 
at rest. VO, max was 11-7 (range 9-12) ml/kg/min. 
Maximal force of isometric contraction was reduced 
to 55 (16)% of the predicted value for weight. There 
was atrophy predominantly of type II (fast twitch) 
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muscle fibres in eight of the 10 patients. Muscle 
capillary density was unaltered. Analysis of mito- 
chondrial enzymatic activity (cytochrome oxidase 
and succinate reductase) in the muscle sample 
showed no major abnormality, and changes known to 
occur in patients with poor skeletal muscle blood 
flow due to peripheral vascular disease were absent. 

Skeletal muscle function and composition 15 
altered in CHF. Loss of muscle bulk and force and 
alteration of fibre type may make a significant con- 
tribution to exercise intolerance in CHF. 


Exercise testing six weeks and 18 months after 
myocardial infarction in patients under 55 
years 


I Peart, C Albers, R J C Hail 
Royal Victaria Infirmary, Newcastle upon Tyne 


Exercise tests at six weeks and 18 months after myo- 
cardial infarction were compared in 80 patients 
under 55 years. Only one patient died during the 18 
months. Of the 27 patients with angina at six weeks, 
25 (93%) had angina or required coronary artery 
surgery (CABG) for symptoms by 18 months, com- 
pared with 16 (30%) of the 53 patients who did not 
have angina at six weeks (р <0:001). CABG for 
severe symptoms was needed in 12 (44%) of the 27 
patients with angina at six weeks compared with 5 
(995) of the 53 patients who did not have angina at 
six weeks (p <0:001). At six weeks the 17 patients 
who later had CABG had a significantly shorter 
exercise time (ET) (10-6 (0-8) min vs 14-6 (0-4) min; 
p <0:001) and heart rate x blood pressure (HR x BP) 
(17-9(1-0) x 10? os 22-8(7-3) x 103; p<0-01) than 
those who did not. Their ET and HR x BP at 18 
months (following their CABG) were significantly 
increased (14-8 (0-5) min; p « 0-001; 27-2 (1:2) x 105; 
p<0-001) and were similar to results in those 
who did not have operation (15-2(0-4)min; 
26-4(1-0) x 10°). The ET and HRx BP of those 
patients not having CABG did not change 
significantly between six weeks and 18 months. 

Therefore, in patients under 55 years the progno- 
sis after myocardial infarction is good; angina at six 
weeks is likely to persist and CABG 1s commonly 
needed for symptoms. In contrast CABG for symp- 
toms is infrequently needed in patients without 
angina at six weeks. In most patients the functional 
outcome after myocardial infarction is predicted by 
their exercise tolerance at six weeks. 
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A comparison of exercise testing at ten days 
and three months after myocardial infarction: 
relation to the pattern of coronary disease 


C W Pumphrey, D Skehan, M de Belder, 
M T Rothman, P G Mills 

Cardiac Department, The London Hospital, 
Whitechapel, London 


Exercise testing may indicate the prognosis and 
severity of coronary disease in survivors of acute 
infarction. Not all patients, however, with a positive 
result on submaximal testing early after infarction 
have continuing cardiac symptoms, which may be 
because such patients have a different pattern of 
coronary disease compared with those whose symp- 
toms persist. Accordingly we studied the coronary 
anatomy in patients with a positive submaximal 
exercise test at 10 days after infarction and correlated 
this with the results of a maximal exercise test at 
three months. Eighty nine of 169 patients had a pos- 
itive exercise test at 10 days. Seventy five patients 
were re-exercised at three months; 39% were posi- 
tive at the same workload, 32% were positive at 
higher workloads, and 29% were negative. Five of 
the remaining 14 patients had died and nine had 
coronary artery surgery within three months. А 
score of the severity of coronary disease was higher 
in patients whose exercise test remained positive 
(21 8(8:5), n=53) compared with those whose test 
became negative (15:8 (4-7), n=22, p<0-0l). 
Significant stenoses in non-infarct related arteries 
were equally common in patients from both groups, 
but collaterals were more commonly found in 
patients whose test remained positive (75% vs 4595, 
р< 0-02). 

Thus 25% of patients with a positive exercise test 
at 10 days will have a negative test at three months; 
these patients have less coronary disease (although as 
many major arteries will be affected) and fewer of 
them have collaterals. 


The Mason-Likar “modified” exercise 
electrocardiograph: essentially identical to the 
12 standard leads? 


M Papouchado, P R Walker, M A James, 

L M Clarke 

Department of Cardiology, Bristol Royal Infirmary, 
Bristol 
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'The standard 12 lead electrocardiograph cannot be 
recorded during exercise because of motion artefact 
and baseline shift. The widely used Mason-Likar 
torso electrode positions were claimed to produce 
electrocardiographs "essentially 1dentical" to stan- 
dard 12 lead recordings, while the precise location of 
the modified left leg electrode was said not to be 
critical. We have compared the standard 12 lead elec- 
trograph with the Mason-Lakar electrocardiograph 
at rest using four different left leg electrode positions 
in 29 patients; nine had a normal resting electro- 
cardiograph while 20 had previous infarction (7 
anterior, 10 inferior, and 3 inferolateral). Placement 
of the limb electrodes on to the Mason-Likar torso 
розіпопѕ ın these patients caused great distortion of 
the electrocardiograph with a rightward shift of the 
mean QRS axis, a significant reduction in R wave 
amplitude in leads I and aVL, and an increase of up 
to 400% in К wave amplitude in leads II, III, and 
aVF. R wave amplitude in the chest leads was also 
altered. Modified electrocardiographs recorded 
using the different left leg electrode positions were 
different again from each other. The so-called “‘in- 
ferior" leads on the exercise electrocardiograph 
appear in fact to be modified inferior/anterior/lateral 
leads, correlating significantly with R wave ampli- 
tude in the anterolateral chest leads. The inferior 
surface of the heart is therefore not represented in 
isolation on the exercise electrocardiograph, expla- 
ining (a) the inability of the exercise test to predict 
the location of coronary artery disease, (b) the devel- 
opment of ischaemic changes in the "inferior" as 
well as the anterior leads in patients with disease 
limited to the left anterior descending coronary 
artery, and (c) the high incidence of false negative 
tests in patients with isolated disease of the right or 
left circumflex coronary arteries. 


The significance of painless ST segment 
depression assessed by ambulatory 
pulmonary artery pressure monitoring 


R D Levy, L M Shapiro, Lorna Mockus, Christine 
Wright, K M Fox 
National Heart Hospital, London 


In order to study the significance of painless ST 
segment depression in patients with coronary artery 
disease (CAD), we have developed a system for 
recording ambulatory pulmonary artery pressure 
using a transducer tipped catheter with simultaneous 
frequency modulated electrocardiograph (ECG) and 
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а miniaturised tape recorder. In 17 patients with 
CAD studied for 650 hours there were 40 episodes of 
angina recorded during the day. In two episodes of 
angina the ECG and pulmonary artery diastolic 
pressure (PADP) did not change. In nine a 
significant increase in PADP preceded the onset of 
ST depression, in 10 the reverse occurred, and in the 
remainder the changes were simultaneous. Peak ST 
depression and peak PADP occurred simulta- 
neously. ST depression was more prolonged 
(2:3 min) than the PADP elevation (1-4 min). The 
increase in PADP on exertion (8695, range 33—237) 
was greater than that at rest (6395, range 23-128). In 
these patients 40 episodes of daytime painless ST 
depression were also recorded. The haemodynamic 
and ST changes were similar to those seen during 
painful episodes. The increase in PADP was lower in 
the painless (67%) than in the painful episodes 
(86%). Two episodes of PADP rise occurred in the 
absence of ST changes. In 13 episodes of nocturnal 
ST depression the changes were similar to daytime 
episodes except that the rise (5095) in PADP was 
smaller. Thus, ambulatory pulmonary artery pres- 
sure monitoring has shown that painless ST depres- 
sion differs from painful ST depression only in the 
magnitude of the haemodynamic response. 


Anomalous origin of left coronary artery 
from pulmonary artery: ligation versus 
establishment of a two coronary system 


R W Burton, R A Jonas, P Lang, А К Castaneda 
Children's Hospital, Boston, Massachusetts, USA 


Between 1959 and 1985, 24 patients (mean age 38 
months, range 15 days to 13 years) with anomalous 
origin of the left coronary artery from the pulmonary 
artery as an isolated lesion had surgical repair at the 
Children's Hospital, Boston. In 11 cases a left coro- 
nary aortic tunnel was created using a pulmonary 
artery baffle (Takeuchi) with no early or late deaths 
during a mean follow up of 19 months. Late compli- 
cations of this procedure included moderate aortic 
incompetence (one), pulmonary stenosis (two, one 
required re-operation), obstructed baffle (one 
asymptomatic). In 11 cases of coronary ligation or 
osteal closure there was a 27 3% early mortality and 
25% late mortality over a mean follow up of 1074 
years. Late complications included residual shunt 
(three, two required re-operation), severe mitral 
incompetence (one), and recurrence of angina (one). 
Fifteen patients presented in congestive heart failure 
(mean age 3 3 months), two had angina (mean age 14 
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months), and four had asymptomatic murmurs 
(mean age 8% years). All deaths both early and late 
occurred in the group who presented in congestive 
heart failure and were not revascularised. Five 
infants who presented with profoundly depressed 
ventricular function and moderate to severe mitral 
regurgitation, together with widespread Q waves on 
the electrocardiogram showed dramatic improve- 
ment 1n ventricular function after the Takeuchi pro- 
cedure. The Takeuchi procedure is a simple and 
effective means of establishing a two coronary sys- 
tem in the child with anomalous origin of the left 
coronary artery. It is particularly recommended over 
coronary ligation in those presenting with congestive 
heart failure. 


Atrial distension may be a stimulus for the 
release of atrial natriuretic peptide in children 
with cardiac diseases 


J Weil, R E Lang, R Brangenberg, W Sebening, 
C Dohlemann, K Buhlmeyer 

University Children’s Hospital and German Heart 
Centre, Munich, West Germany 


Cardiocytes of human atria possess specific granules 
which store a family of polypeptides. The bioactive 
peptide, termed alpha human atrial natriuretic pep- 
tide (ANP), has potent diuretic, natriuretic, and vas- 
cular relaxing properties. In experimental animals 
stretching of the atrial wall 1s thought to be a stimu- 
lus for release of ANP into the circulation. We 
measured plasma ANP concentrations in children 
with cardiac diseases that are known to be associated 
with raised atrial pressure. Thirty two children with 
various types of congenital heart diseases (age 1 
month-17 years) and four children with cor pul- 
monale (age 17 months-27 months) were studied and 
compared with a control group. The control group 
consisted of 51 children (age 6 months-18 years) 
recovering from diseases unrelated to the cardio- 
pulmonary system and with intact salt and water 
balance. In the control group there was a narrow and 
well defined range of plasma ANP concentrations 
(3-75 pg/mg, mean 45-6) which showed no age 
dependency. In 21 out of 36 children with cardiac 
disease, however, plasma АМР concentrations 
(range 85—967 pg/ml) were greater than the highest 
ANP concentration in the control group. In patients 
with a markedly enlarged right atrium such as those 
with tricuspid atresia (n=3), Ebstein’s anomaly 
(n=1) and cor pulmonale plasma ANP concen- 
trations were up to 10—20 times higher than the mean 
concentration in control children. In 18 children 
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there was no significant difference between venous 
and arterial plasma ANP concentrations. During 
cardiac catheterisation a supraventricular tachy- 
cardia occurred in a 4 year old child with atrial septal 
defect. Plasma АМР concentrations rapidly 
increased from 50-4pg/ml to maximum of over 
700 pg/ml during tachycardia and mean atrial pres- 
sure increased from 5 to 10mm Hg. The results of 
our study accord with the results of experiments in 
rats and support the hypothesis that ANP release is 
stimulated by atrial distension. 


The management of interrupted aortic arch 


R W Bunton, D F Shore, B R Keeton, 

С R Sutherland, J L Monro 

Wessex Cardiothoracic Unit, Southampton General 
Hospital, Southampton 


From October 1975 to February 1985, 12 patients 
with interrupted aortic arch (11 type B and 1 type A) 
were treated by operation at the Wessex Cardiac 
Surgical Centre, Southampton. Association lesions 
included ventricular septal defects (11); uni- 
ventricular heart (1); aortic valve abnormalities (5); 
coarctations (2); aberrant right subclavian arteries 
(2); and one each of right sided aortic arch, truncus 
arteriosus, double outlet right ventricle, and sub- 
aortic stenosis. Mean age and weight at operation 
were 51 days (range 2 days-9 months) and 3:32 kg 
(range 1-6-7-5 kg) respectively. А one stage primary 
repair of all lesions was attempted in eight cases 
(which has been our preference where possible) and 
repair of the interrupted aortic arch plus pulmonary 
artery banding in four cases. Early morality was 25%, 
with a late mortality of 22-2% for hospital survivors. 
Mean follow up is 37 months. Early mortality was 
due to low cardiac output with failure to wean from 
cardiopulmonary bypass (1), subaortic stenosis (1), 
and truncal valve insufficiency (1). Late mortality 
was due to failure to wean from cardiopulmonary 
bypass after repair of anastomotic narrowing (1) and 
sudden unexplained death (1). Total complications 
seen in long term follow up included subaortic steno- 
sis (1), aortic stenosis (1), and anastomotic stenoses 
(3). Two patients had debanding of the pulmonary 
artery and successful repair of complex lesions 18 
days and six months postoperatively. Associated ste- 
notic lesions of the left ventricular outflow tract, 
both congenital and acquired, are common and may 
add to the technical problems of operative manage- 
ment and affect long term results. 
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Lung biopsies in different types of congenital 
heart disease: computer-assisted structural 
and functional correlations 


Sheila G Haworth 
Institute of Child Health, London 


Pulmonary vascular structure was analysed using 
morphometric techniques in lung biopsy specimens 
from 90 cases of ventricular septal defect (VSD), 38 
cases of complete atrioventricular septal defect 
(AVSD) without important left atrioventricular 
valve regurgitation (71% biopsy specimens), and 28 
cases of transposition of the great arteries (TGA) 
with VSD. Cases of VSD showed a significant sus- 
tained increase in pulmonary arterial muscularity 
from age 3 weeks until 10-15 years (p<0-0001), 
when fibrotic intimal prohferation obstructed the 
pre-acinar arteries and reduced intra-acinar arterial 
muscularity. Intumal damage increased with age, 
mean pulmonary arterial pressure, and resistance 
(т =0 4, 0-6, and 0-6 respectively; p < 0:0003). Intra- 
acinar arteries were reduced in size in 18% and in 
number in 23% of cases. Unlike VSD, in AVSD 
severe intimal proliferation appeared by 6-12 
months and was associated with an immediate but 
gradual reduction in muscularity. Muscularity was 
inversely related to age and resistance (r= —0-4 and 
—0:6 respectively; p «0-001), without grade IV 
changes. А logistics regression model predicted the 
severity of disease with a concordance rate of 82%. 
In TGA with VSD, unhke VSD or AVSD, mus- 
cularity was significantly increased only until 7-9 
months when rapidly developing occlusive intimal 
proliferation produced an abrupt reduction in mus- 
cularity of 10-12 months. Thus, each of the common 
types of congenital cardiac anomalies elicits a 
different structural response from the pulmonary 
circulation. The findings help to explain the clin- 
icopathological grey zone preceding classic grade IV 
changes. 


Does epoprostenol (prostacyclin) enhance the 
selective pulmonary vasodilator effect of 
oxygen in children with congenital heart 
disease? 


А Bush, Carolyn Busst, E A Shinebourne 
Brompton Hospital, London 


To assess the reversibility of any elevation in pul- 
monary vascular resistance we have obtained dose 
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response curves for the effects of epoprostenol (pros- 
tacyclin, PGI,) on the pulmonary and systemic cir- 
culations in 20 children (median age 3 years) with 
pulmonary hypertension complicating congenital 
heart disease. Results were obtained with the chil- 
dren breathing both air and 100% oxygen. Remote 
respiratory mass spectrometry was used to measure 
oxygen consumption and hence cardiac output by 
the direct Fick principle, irrespective of the inspired 
oxygen tension. The dose response curves were anal- 
ysed using Williams's test. When the subjects 
breathed air, PGI, caused a dose dependent fall in 
pulmonary vascular resistance (from 11:12 to 8:67 
mm Hg 1^! min m?) (SED 0:5), p « 0-01). The level 
of the pulmonary vascular resistance when the sub- 
jects breathed air with 20ng/kg/min PGI, being 
infused was not significantly different from that 
found when they breathed 100% oxygen (8-67 vs 
8-93 mmHg 1^! min m?, SED 0-55). Infusion of 
PGI, while the subjects breathed 100% oxygen 
caused an additional dose dependent pulmonary 
vasodilation (8:93 to 7-22 mm Hg 1^! min m?, SED 
0:3, p «0 01). An analysis of variance showed that 
the effects of PGI, on the pulmonary vascular 
resistance were independent of the inspired oxygen 
tension. Unlike 100% oxygen, PGI, was not selec- 
tive and caused tachycardia and systemic hypo- 
tension. These results suggest that in children with 
congenital heart disease it may be necessary to 
administer a bloodborne as well as an airborne pul- 
monary vasodilatory to measure the full extent of 
reversible pulmonary vasoconstriction when assess- 
ing the pulmonary circulation before possible car- 
diac surgery. 


The Doppler evaluation of discrete subvalvar 
and multilevel outflow tract obstruction in 
congenital heart disease 


GR Sutherland, F Soul, B R Keeton, L Drummond 
Wessex Cardiothoracic Centre, Southampton 
General Hospital, Southampton 


Both continuous wave (CW) and pulsed (PW) 
Doppler can accurately assess isolated semilunar 
valve stenosis in children. Little attention, however, 
has been paid to sub-valve obstruction where type 
(fixed ventricular septum dynamic), length, and the 
multilevel nature of the obstruction create more 
complex problems. T'o assess Doppler analysis of 
complex subvalvar obstruction in children, 84 
lesions were studied. These were subdivided into 
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two groups: (a) isolated outflow tract obstruction— 
subaortic membrane 13, left ventricular tunnel 5, 
hypertrophic cardiomyopathy (HOCM) 7, nght 
ventricular infundibular stenosis 4, obstructed outlet 
foramen 11; and (6) multilevel outflow tract 
obstruction—tetralogy of Fallot 31, complex left 
ventricular outflow obstruction 9, and subaortic 
obstruction (univentricular heart) 4. Correlative 
haemodynamic and angiographic information was 
available in all. Both CW and PW Doppler identified 
two discrete wave forms—one fast rising represent- 
ing fixed subvalve obstruction and the other slow 
rising and consistently representing dynamic mus- 
cular obstruction. Where multilevel obstruction. 
included fixed and dynamic components, both wave 
forms were superimposed on CW in proportions 
appropriate to the anatomy. Isolated fixed obstruc- 
tion occurred in subaortic membranes and in eight of 
11 patients with obstructed outlet foramens. Isolated 
dynamic obstruction was present in all patients with 
HOCM, isolated right ventricular infundibular 
obstruction, and in three of 11 with obstructed outlet 
foramens. Combined fixed and dynamic obstruction 
was recorded in the remainder. Where superimposed 
wave forms were recorded the gradient was consis- 
tently underestimated. 

We conctude that combined CW and PW Doppler 
determine the nature of subvalve obstruction, accu- 
rately reflecting the relative proportions of both 
dynamic and fixed components. Where only one 
component is identified peak velocity reflects peak 
gradient. Where both components are present gra- 
dient assessment using the Hatle equation 18 inaccu- 
rate. ~ 


How soon after PTCA should its results be 
assessed by exercise testing? 


A Polydorou, J C P Crick, E Sowton 
Guy’s Hospital, London 


In 52 patients following successful percutaneous 
transluminal coronary angioplasty (PTCA) maximal 
exercise tests were performed at three days and were 
compared with a similar test after one month. 
Twenty three of the patients had a normal electro- 
cardiogram (ECG) and no chest pain in both tests. 
Fifteen patients had ECG signs of reversible 
ischaemia but no chest pain at the first test; 10 of 
these had completely normal ECG findings and no 
chest pain during effort at the one month test. These 
10 patients were the only group to achieve a 
significantly higher exercise duration at the second 
test. Twelve patients had ECGs positive for revers- 
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ible ischaemia and developed angina on exercise in 
the first test; all of these 12 patients showed the same 
findings at the one month test and this group had a 
significantly lower exercise capacity than the remain- 
ing patients. Previous myocardial infarction and 
non-dilated disease in other vessels was significantly 
more common in the group with positive findings at 
both tests (p<0-001) and the findings probably 
reflect disease elsewhere in the heart rather than 
recurrence of the dilated stenosis. Follow up exercise 
tests after six months showed closer agreement with 
the results at four weeks than with those at three 
days, and the three day test did not help to identify 
patients who subsequently relapsed. 

We conclude that during the first few days after 
PTCA false positive exercise tests may occur in 20%, 
of patients. Assessment of exercise testing four 
weeks after the procedure avoids this problem. 


Coronary artery thrombus as a risk factor for 
acute vessel occlusion during percutaneous 
transluminal coronary angioplasty: 
improving results 


D D Sugrue, D R Holmes, H C Smith, G S Reeder, 
С E Lane, R E Vlietstra, J Р Bresnahan, J Piehler 
Mayo Clinic, Rochester, Minnesota, USA 


During an early percutaneous transluminal coronary 
angioplasty experience, from October 1979 through 
March 1983, we reported that pre-existent coronary 
artery thrombus was associated with a significant 
increase in the incidence of acute coronary occlusion 
during angioplasty. Thus complete occlusion 
occurred in 11 (7395) of 15 patients with thrombus 
undergoing angioplasty compared with 18 (895) of 
233 without thrombus (p«0-001). To study the 
effect of improved technology (steerable guiding sys- 
tems) and dilatation strategy (full intravenous hepa- 
rinisation for 24 hours following the procedure and 
more intensive use of antiplatelet medications) 
angiograms from 297 consecutive patients without 
evidence of acute myocardial infarction who under- 
went angioplasty from April 1983 through March 
1985 were reviewed. Pre-existent coronary artery 
thrombus was present in 34 (10%) patients of whom 
eight (24%) developed complete occlusion during or 
immediately after the procedure. In the 263 patients 
without coronary thrombus, acute coronary 
occlusion occurred in 34 (13%) (24% vs 13%, 
p=0-17). Thus in a more recent experience, patients 
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with pre-existent coronary artery thrombus are at 
somewhat greater risk of complete occlusion than are 
patients without thrombus, but the magnitude of 
this risk has declined substantially. 


The effects of early PTCA on the clinical 
course of unstable angina 


A D Timmis, B Griffin, J C P Crick, E Sowton 
Guy’s Hospital, London 


The medical management of unstable angina is asso- 
ciated with a high incidence of recurrent symptoms 
and does not prevent myocardial infarction or death 
in up to 30% of cases during early follow up. We 
have undertaken early percutaneous transluminal 
coronary angioplasty (PTCA) in 50 patients with 
unstable angina in an attempt to improve the clinical 
course. In each case diagnostic angiography demon- 
strated a critical proximal stenosis in a major vessel 
and in 33 patients this was the only lesion. The 
stenosis was crossed by the PTCA catheter in 76% 
of cases and successful dilatation was achieved in 
95% of these. Angiographic success was reflected by 
a non-ischaemic predischarge stress test and cor- 
rection of symptoms in 75% and 89% of cases 
respectively. The combined in hospital incidence of 
myocardial infarction and death was 12%, but it was 
only 3% in patients with single vessel disease. At six 
months follow up 77% of patients who had under- 
gone successful PTCA remained symptom free, 
though repeat procedures had been necessary in 
21%. The combined incidence of myocardial 
infarction and death during follow up was low (8%). 
These data indicate that PTCA may be undertaken 
with relative safety 1n patients with unstable angina 
and that it leads to a substantial improvement in 
symptoms that is sustained during early follow up. 
The benefits of this therapeutic approach may be 
particularly pronounced in patients with only single 
vessel disease. 


Percutaneous transluminal coronary 
angioplasty—results in patients with multiple 
coronary stenoses 


C D J Ilsley, M B Ablett 
Cardiology Department, Dunedin Hospital, 
Dunedin, New Zealand 
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Percutaneous transluminal coronary angioplasty 
(PTCA) is an acceptable treatment for proximal dis- 
crete single vessel coronary disease. The place of 
PTCA in the management of patients with multiple 
coronary lesions is less certain. In our first 95 con- 
secutive patients (81 men and 14 women, mean age 
58 years) undergoing multi-lesion PTCA 22 patients 
had multiple lesions in single vessel disease, 49 
double, 23 triple, and one left main coronary artery. 
PTCA was attempted on 213 lesions—115 in the 
anterior descending or diagnonal arteries, 36 in 
circumflex, and 62 in right coronary arteries. Up to 
seven lesions in any one individual have been 
dilatated. Primary success, reduction in stenosis 
without associated acute myocardial infarction or 
emergency coronary bypass grafting (ECBG), was 
achieved in 191 (90%) of these lesions. Seventy nine 
patients (83%) were rendered symptom free. Five 
(5%) had an associated myocardial infarction. Six 
(695) required ECGB and one of these patients died 
after surgery. Five of the six patients requiring 
. ECBG had PTCA related occlusion in a vessel with 
compromised or absent collateral supply. In a follow 
up of 3-24 months 13 patients (16% of primary suc- 
cess group) developed recurrence of angina and 10 
underwent repeat PTCA; in eight the second pro- 
cedure was entirely successful, one required ECBG, 
and in one a second recurrence lead to referral for 
elective bypass surgery. PTCA risk relates to oper- 
ator experience and the presence of established coro- 
nary occlusion rather than to the number of lesions 
or morphology in an individual stenosis. 

PTCA is a successful alternative to coronary 
bypass grafting in a large proportion of patients with 
multiple lesion, multiple vessel coronary disease 
Improvement in long term management or progno- 
sis in such patients remains to be demonstrated con- 
clusively. 


Prevention of regional myocardial ischaemia 
during PTCA—the effects of infusing 
arterial blood 


AD Timmis, J C P Crick, B Griffin, E Sowton 
Guy’s Hospital, London 


Much of the potential risk of percutaneous trans- 
luminal coronary angioplasty (PTCA) relates to 
severe myocardial ischaemia during periods of bal- 
loon inflation. We have investigated a new technique 
for reducing ischaemia by infusing artenal blood 
through the angioplasty catheter into the distal coro- 
mary artery during 60 second dilatations. Symptoms 
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and electrocardiographic and echocardiographic 
indices of regional ischaemia were monitored during 
dilatations with and without blood infusion. The 
effect of infusing Hartman’s solution was also evalu- 
ated to control for washout effects. Ten patients were 
studied. Dilatations without blood produced chest 
pain after 22 7 (10-2) s (mean (SD)) in seven patients 
and signs of regional ischaemia in every case; echo- 
cardiographic dyskinesia occurred within 16 0 (3:2)s 
and ST segment elevation (1:9 (1:3) mm) within 
18:4(6 6) s. Blood infusion (45-6 (13-4) ml/min) dra- 
matically reduced manifestations of ischaernia; only 
one patient experienced pain and dyskinesia after 
45s and 49s respectively, though ST segment 
elevation was observed in three cases after 
29-3 (5-1)s. The peak ST change, however, was only 
0-8 (0-3) mm. In two patients severe chest pain and 
ST segment elevation were reversed by infusion of 
blood. Importantly, infusion of Hartman's solution 
was unhelpful, indicating that delivery of oxygen 
and not washout of metabolites was responsible for 
the beneficial effects of blood infusion. These data 
suggest that the development of PTCA catheter sys- 
tems which permit blood infusion into the distal 
coronary artery will improve the safety of the tech- 
nique. Moreover, by allowing more prolonged peri- 
ods of balloon inflation a higher success rate can be 
expected. 


Argon laser recanalisation of acutely 
thrombosed coronary arteries in live dogs 


А Fenech, F Crea, C R Conti, С S Abela 
Royal Infirmary, Glasgow, and University of 
Florida, Gainesville, USA 


To assess the feasability of currently available tech- 
niques, in vivo laser recanalisation of acutely throm- 
bosed coronary arteries was attempted using an 
argon laser delivered in a continuous wave form. Ten 
anaesthetised mongrel dogs weighing 25—30 kg had 
their left anterior descending artery thrombosed by 
passing a low grade current through a guidewire 
positioned in its proximal end. In six dogs a 140 um 
core optical fibre was then positioned proximal to the 
thrombus and laser delivery was performed during 
fibre advancement. Recanalisation was seen in one 
dog, perforation in four dogs, and neither 
recanalisation nor perforation was evident in one 
dog. In the remaining four dogs, a 0:014 inch steer- 
able guidewire was advanced beyond the thrombus 
and a 3F catheter was advanced over it and posi- 
tioned distally. After mechanical recanalisation was 
excluded a 200 um core optical fibre was fed through 
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the 3F catheter and laser delivery was performed 
during fibre withdrawal across the thrombus. Using 
this method mechanical recanalisation occurred in 
one dog and performation was seen in three dogs. 

Argon laser recanalisation of acutely thrombosed 
coronary arteries in live dogs is feasable but at 
present results in a high frequency of perforation. 
This animal model can be used for the development 
and evaluation of safer systems in in vivo laser coro- 
nary revascularisation. 


Epoprostenol (prostacyclin) therapy -during 
cardiac surgery—is it beneficial? 


I Fessatidis, W K Man, Jenny Becket, J J Brannan, 
K M Taylor 

Cardiac Surgical Unit, Royal Postgraduate Medical 
School, Lande 


Platelet activation with subsequent formation of 
microaggregates is now known to be a feature of 
cardiac ^ surgical procedures utilising cardio- 
pulmonary (CPB). Controversy exists in relation to 
the possible therapeutic role of epoprostenol (pros- 
tacyclin, PGI,) in inhibiting platelet aggregation. 
The potential benefits have been offset by fears 
related to severe hypotension experienced in some 
studies. In a series of experimental animal studies 
using a prostacyclin dosage protocol of 10ng/kg/ 
minute for 30 minutes before CPB and 20ng/kg/ 
minute during CPB the following effects have been 
observed: (a) preservation of platelet numbers dur- 
ing CPB (p <0-01 vs controls, n= 16.); (b) significant 
reduction in platelet aggregation during CPB 
(p<0:01, n=16); (c) significant reduction in plasma 
histamine concentrations during CPB (p<0-05, 
п= 10); and (d) insignificant hypotensive effect at 
normal levels of peripheral vascular resistance 
(n=16). These results suggest that prostacyclin 
treatment may have beneficial effects in inhibiting 
platelet aggregation during CPB and that further 
clinical studies should now be carried out. 


Surgical treatment of absent pulmonary valve 
syndrome 


M де Leval, J Stark, T Karl, J F ЇЧ Taylor 
Hospital for Sick Children, Great Ormond Street, 
London 
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The absent pulmonary valve syndrome includes 
agenesis of the pulmonary valve, annular stenosis, 
and pulmonary insufficiency. The pulmonary arte- 
ries are aneurysmal and usually compress the tra- 
cheobronchial tree. These features are associated 
with a ventricular septal defect and right ventricular 
hypertrophy. Twenty three patients aged 5 days to 
11 years were treated between 1976-1985. Eleven 
were younger than 1 year. Intractable respiratory 
syndromes and heart failure were the main feature in 
the infant group, five required preoperative assisted 
ventilation. All the children presented with 
decreased exercise tolerance and repeated respira- 
tory infections. Surgical repair included a closure of 
the ventricular septal defect in all cases and various 
techniques of reconstruction of the right ventricular 
outflow tract. This included a patch enlargement 
with or without insertion of a xenograft valve and a 
Dacron xenograft conduit between the right ventri- 
cle and pulmonary artery. In the recent years the 
repair has consisted in an extensive resection of the 
main pulmonary artery and of the anterior aspect of 
both the right and left pulmonary arteries with the 
interposition of an aortic homograft between the 
right ventricle and pulmonary artery. All 12 patients 
operated after the age of 1 year survived though some 
of them are awaiting surgery for replacement of 
calcified xenograft valves. The superiority of the 
current technique is better demonstrated in the 
infant group as all five infants operated in the early 
years and all six infants operated with our current 
technique survived. Closure of the ventricular septal 
defect, reduction of the size of the pulmonary arte- 
ries, and insertion of an aortic homograft therefore 
appears to be the treatment of choice for this difficult 
malformation. 


Long term evaluation of isolated 
Starr-Edwards aortic valve replacement 


D Hackett, I Fessatides, R Sapsford, H Bentall, 
Celia Oakley 
Royal Postgraduate Medical School, London 


We identified 352 patients discharged from hospital 
during 1974-1983 who had isolated Starr-Edwards 
aortic valve replacement with models 1260 and 2400. 
We followed up 327 (92-8%) patients for up to 10 
years, a total of 1616 patient-years, to determine the 
long term performance characteristics of these pros- 
theses. At operation the mean age of patients was 
52-1 (range 14—78) years, 73% were male, and 89% 
were in sinus rhythm. The aortic valve disease was 
rheumatic in 75 (23%), congenital in 111 (34%), 


degenerative in 101 (31%), and associated with 
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endocarditis in 35 (11%) patients. Total 10 year 
mortality was 47 deaths (14-49%; 2-9%, per patient- 
year), of which 27 (8-295) were cardiac in origin with 
three cases (0.995) directly valve related due to 
thromboembolism. Total ten year valve related mor- 
bidity in 60 patients (18-395; 3-7%, per patient-year) 
was due to thromboembolism in 22 (6-795), pros- 
thetic endocarditis ın 14 (43945), anticoagulant 
related haemorrhage in 12 (3-795), paraprosthetic 
regurgitation in nine (2:895), and haemolysis in three 
(0-995). Re-operation was performed in 24 patients 
(7-395) because of thromboembolism (9 patients, 
2:895), prosthetic endocarditis (8 patients, 2:495) or 
paraprosthetic regurgitation (7 patients, 2-195); all 
but one re-operation was necessary within the first 
year after operation. No cases of mechanical valve 
failure were recorded. Total ten year actuarial esti- 
mates of survival were 0-61(0-066) and freedom 
from valve related morbidity 0:45 (0:071) 
(means (SE)). 

The Starr-Edwards models 1260 and 2400 aortic 
valve prostheses show excellent durability without 
any mechanical failure over a 10 year period. The 
long term outcome of isolated aortic valve replace- 
ment with these models is associated with a low fre- 
quency of valve related complications. 


Heart-lung transplantation for Eisenmenger’s 
syndrome 


C G A McGregor, S W Jamieson, E B Stinson, 

P E Oyer, B A Reitz, J C Baldwin, N B Shumway 
Stanford University Medical Center, Stanford, 
California, USA 


Between May 1981 and January 1985, 13 combined 
heart-lung transplants were performed in 12 patients 
for the treatment of end stage Eisenmenger's syn- 
drome. Five patients had had previous intrathoracic 
operations. There were four hospital deaths: one at 
operation; and one each at 4, 10, and 33 days after 
transplantation. Early symptomatic results and car- 
diopulmonary function were excellent in all oper- 
ative survivors. Two late deaths occurred at 14 and 
15 months after transplantation from accelerated 
graft arteriosclerosis and respiratory failure 
respectively. Six patients are alive 12-49 months 
after transplantation. Six of the eight operative sur- 
vivors developed major pulmonary complications 
associated with progressive obstructive airway phys- 
iology and obliterative bronchiolitis that were dem- 
onstrated on histological examination. Because of 
this late pulmonary deterioration overall prognosis 
remains uncertain, and may limit the value of heart- 
lung transplantation for Eisenmenger’s syndrome. 
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Cerebral consequences of coronary artery 
surgery 


PLC Smith, P L A Joseph, S P Newman, P J Ell, 
M J С Harrison, T Treasure 

The Middlesex Hospital and Medical School, 
London 


A prospective multidisciplinary controlled study of 
the cerebral consequences of coronary artery bypass 
surgery is being undertaken. Patients undergoing 
coronary artery surgery by a standard protocol have 
preoperative digital subtraction angiography (DSA) 
of the head апа neck vessels, regional cerebral blood 
flow measurements, and neurological, neuropsycho- 
logical, and psychiatric examinations. These are 
repeated, excluding DSA, at eight days and eight 
weeks postoperatively. À control group of major vas- 
cular cases and thoracotomies is also being studied. 
Besides accurately quantifying the incidence of cen- 
tral nervous system complications, the results of the 
assessments are compared with the state of the head 
and neck vasculature, regional cerebral blood flow 
changes, and details of the bypass and postoperative 
management. To date, results have been analysed in 
55 patients in the coronary surgery group. Focal 
neurological changes were found in one patient at 
eight days and no patient at eight weeks. Significant 
neuropsychological deficit was found in 95% of 
patients at eight days and 33% at eight weeks, most 
markedly in verbal memory, visual perception, and 
concentration. Mean cerebral blood flow was 
significantly reduced at eight days (p « 0:02) and at 
eight weeks (p«0-05). The greatest reduction in 
neuropsychological performance and cerebral blood 
flow was found in those patients with the longest 
bypass times or with major postoperative compli- 
cations. In the control group no neurological deficit 
has been found, the mean cerebral blood flow was 
increased at both eight days and eight weeks, and a 
significant neuropsychological deficit was found in 
87% of patients at eight days but in no patients at 
eight weeks. 


Comparison of bioprosthesis degeneration in 
the aortic versus the mitral position 


P Ribeiro, M Al Zaibag, M Abdullah, C Salem, 
M J Shea, M Al Fagih 

Cardiac Department, Riyadh Armed Forces 
Hospital, Kingdom of Saudi Arabia 


Cross section echocardiography was performed 
40(17) months (mean (SD)) after operation in 45 
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patients aged 22 (5) years with rheumatic heart dis- 
ease 1n whom simultaneous aortic and mitral porcine 
bioprosthetic valve replacement had been per- 
formed. The echocardiographic and morphological 
features of 23 bioprosthetic valve explants from 21 
patients subjected to re-operation were compared. 
The following associates were found—normal cusp 
mobility on echocardiography with echoes <3mm 
thick (stage І) indicated cusp fibrosis with or without 
retraction; normal cusp mobility with echoes 
z3mm thick (stage II) indicated focal cusp cal- 
cification; restricted cusp motion with bright echoes 
>3mm thick (stage III) indicated extensive 
calcification and reduced cusp mobility; and a pro- 
lapsing cusp (stage IV) identified a torn calcified 
cusp. Using these associations the following sub- 
groups were identified. Forty one patients had aortic 
stage I disease of whom 25 had mitral stage I, nine 
stage 11, five stage ПІ, and two stage IV disease. 
Two patients with aortic stage II disease had mitral 
stage I disease, and only one patient had aortic stage 
III disease with mitral stage I disease. One patient 
had aortic апа mitral disease both stage III. In 
young patients with rheumatic heart disease porcine 
bioprosthetic valves degenerate very early, particu- 
larly when placed in the mitral position. 


Doppler ultrasound assessment of 155 patients 
with investigational bioprosthetic valve 
replacement 


IA Simpson, I J Reece, A B Houston, D J Wheatley, 
I Hutton 

University Departments of Medical Cardiology and 
Cardiac Surgery, Royal Infirmary, Glasgow 


Having previously established the validity of 
Doppler ultrasound examination in assessing bio- 
prosthetic valve function, we applied the technique 
to 155 patients with the newer bioprostheses (62 
Wessex porcine (W), 34 low profile Ionescu-Shiley 
(IS), and 45 Hancock pericardial (HP)). Doppler 
examination was performed using a Vingmed Alfred 
Velocimeter with a 2 MHz transducer interfaced to a 
spectrum analyser. Valve gradients were calculated 
from the continuous wave mode using the modified 
Bernoulli equation. Prosthetic regurgitation was 
assessed by both continuous and pulsed wave 
Doppler examinations. Cross sectional echo- 
cardiography was performed in all patients and failed 
to show any structural abnormalities. Mean mitral 
gradients in the competent bioprostheses were 
significantly lower in the IS type (3:03 (0-8) mm Hg) 
than in the W type (3-52 (0 9) mm Hg) (p « 0-02) and 
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НР type (3:65 (1:2) mm Hg) (p<0-05); and mitral 
pressure half-ümes were longer in the HP type 
(97(33) ms) than in the W type (80(21) ms) 
(p « 0-02) and IS type (80 (24) ms) (p « 0-05). There 
was no significant difference in the peak aortic gra- 
dients (W, 17-9 (8-3) mm Hg; IS, 17:1(6 0) mm Hg, 
HP, 15-1 (5 7) mm Hg). Regurgitation was detected 
in 11 mitral (2 of 41 W, 5 of 25 IS, 4 of 25 HP) and 
11 aortic bioprostheses (5 of 20 W, 3 of 15 IS, 3 of 
27 HP). 

In conclusion, Doppler ultrasound examination 1s 
of value in assessing valve gradients in bioprosthetic 
valves and can detect valve regurgitation at an early 
stage in these patients. 


Severe left main stem stenosis: safety of 
discharge home to await elective surgery 


M G Cheesman, D Mehta, J Walker, V J Redding 
Regional Cardiac Unit, Groby Road Hospital, 
Leicester 


Seventy one patients with a severe stenosis of the 
main stem of the left coronary artery were identified 
at first coronary arteriography in the period 
1979-July 1984. Of these, 11 patients were kept in 
for operation (mostly because of unstable angina) 
five died in hospital, and twelve cases were deemed 
to be inoperable because of either poor left ventricu- 
lar function or diffuse disease of the distal coronary 
vessels. Forty three patients with stable angina were 
allowed home to await elective operation. No patient 
died of-a cardiac cause while waiting; one patient 
died of a cerebral haemorrhage after three months’ 
wait. Two patients were re-admitted with unstable 
angina without evidence of infarction after six weeks 
and three months; both went on to have operation 
dunng the same admission. When re-admitted for 
operation, ten patients thought that their angina had 
worsened, four that it had improved, and the remain- 
der were unchanged. 

Discharge home of patients with stable angina and 
а severe stenosis of the main stem of the left coronary 
artery to await elective surgery is broadly a safe 
policy. 


Clinical budgeting in cardiology and cardiac 
surgery 


J Parker, I Hamilton, С Shepherd 
St George's Hospital, London 


The introduction of new management structures and 
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of clinical budgeting into a District suffering reduc- 
tions of revenue was recognised as an important 
development for regionally funded specialties such 
as cardiology and cardiac surgery. Accurate 
identification of true costs would allow direct dis- 
cussions with the Regional Health Authority and 
reduce potential conflicts with professional col- 
leagues. In 1984/5 in a combined regional cardiology 
and cardiothoracic surgery unit of 58 beds, a budget 
of £3-8 million was identified. The unit undertook 
approximately 800 cardiac catheterisations, 700 car- 
diac surgical procedures, and 300 pacemaker 
implantations. Direct costs such as staff costs (£1-5 
million) and medical equipment costs (£1-08 mil- 
lion) were easy to identify. Other costs, however, 
such as those in other departments—for example 
radiology, pharmacy, and pathology were not easy to 
identify and arbitrary charges made may not reflect 
true costs. Indirect costs such as estate management 
and domestic and portering services were calculated 
on the basis of bed-days occupied as a percentage of 
total hospital bed-days. The advantages of such a 
clinical budget include (a) separate identification of 
а regional specialty costs within an overall hospital 
budget, reducing the element of competition with 
other specialities; (6) flexibility in use of resources 
with an ability to implement changes more rapidly; 
(c) savings implemented are of direct benefit to the 
user; (4) awareness of costs of individual procedures 
allows consideration of alternatives. 

A moderate amount of professional time has been 
required to set up and refine the clinical budget and 
less is required to review it. The advantages out- 
weigh the disadvantages. 


Arrhythmia in children and adolescents with 
hypertrophic cardiomyopathy: incidence and 
relation to prognosis 


W J McKenna, J Deanfield, R Franklin, Shirley 
Krikler, Shaughan Dickie 

Hammersmith Hospital and Hospital for Sick 
Children, London 


Annual mortality from sudden death is approxi- 
mately 5% in children and adolescents with hyper- 
trophic cardiomyopathy. Clinical, electro- 
cardiographic, and haemodynamic characterisation 
does not identify those who are at particular risk. To 
determine the incidence and relation of arrhythmia 
to prognosis we have performed prospective 48 hour 
electrocardiographic monitoring in 36 consecutive 
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patients with hypertrophic cardiomyopathy: three 
were infants (<1 year), 17 were 1-14, and 16 were 
15-21 years of age. On the initial 48 hour electro- 
cardiographic monitoring all were in sinus rhythm, 
none-had ventricular tachycardia, one had more than 
250 ventricular extrasystoles per day, three had epi- 
sodes of supraventricular tachycardia and another 
had re-entry atrioventricular tachycardia associated 
with overt pre-excitation. The patients were 
followed 1-6 years (median 2) from the initial 48 
hours electrocardiogram. In 12 patients, 23 addi- 
tional 48 hour electrocardiograms were performed: 
two had ventricular tachycardia, one developed atrial 
fibrillation Sut no other new arrhythmias were 
detected. Twenty eight received beta blockers, two 
had verapamil, and the child with the 
Wolff-Parkinson-White syndrome had amiodarone. 
Four patients died suddenly, another was resusci- 
tated from out of hospital ventricular fibrillation, 
and the only child to undergo myectomy died post- 
operatively. None of the patients who died had 
arrhythmias during 1—7 days (mean 3) of electro- 
cardiographic monitoring. In contrast to adults 
arrhythmias are uncommon in children and adoles- 
cents with hypertrophic cardiomyopathy and are not 
a marker of those at particular risk of sudden death. 
This suggests that in children with hypertrophic car- 
diomyopathy the initiating event of sudden death is 
more likely to be an acute haemodynamic alteration 
than an arrhythmia. 


Multi-programmable pacemakers—essential 
for pacing in children 


E J Ladusans, M Tynan, M Joseph, O Jones, 
P V L Curry 
Guy's Hospital, London 


Twenty seven of 30 children (mean age 7-5 years) 
who received a permanent pacemaker since 1979 had 
multi-programmable pacemakers (Siemens 668 in 
eight, Siemens 674 in two, Cordis 340A in seven, 
Biotronic Neos in seven, Medtronic Activitrax in 
one, and Teletronics Optima in one). Indications of 
pacing were complete heart block (CHB) in 20, sinus 
node dysfunction (SSS) in six, prophylaxis in one, 
and control of refractory tachycardia in three. Pro- 
grammable variables were used to reduce voltage 
output or pulse duration in nine children with low 
chronic stimulation thresholds (seven endocardial, 
two epicardial) to increase battery longevity. To 
identify pacemaker-dependent patients, underlying 
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heart rhythm in 20 children with CHB was assessed 
by programmed gradual reduction of the pacemaker 
rate. A stable escape rhythm (range 35—70 beats per 
minute) was found in 16, but in four children there 
was no endogenous activity and symptoms of pre- 
syncope occurred at 30 beats per minute. In four 
children with a late threshold rise increase in voltage 
(3) or current output (1) restored effective pacing 
before lead replacement in three and obviated re- 
operation in one. Re-operation was prevented in one 
child with sensing failure 1 month after implant by 
increasing the programmable sensitivity. Rate- 
programmability permitted higher more phys- 
iological heart rates of 90-100 beats per minute in 
four infants (mean age 0-6 years) and in six children 
less than 5 years old with CHB. In one child heart 
failure responded solely to an increase in pacing rate 
from 80-100 beats per minute. All six patients with 
SSS had low standby rates programmed (mean 50 
beats per minute) to allow as much sinus rhythm as 
possible without symptoms. Multi-programmable 
pacemakers are invaluable in the paediatric age 
group. 


Assessment of pulmonary vascular resistance 
in patients with ventricular septal defect 


J M Neutze, T Ishikawa, Patricia M Clarkson, 
A Louise Calder 

Cardiology Department, Green Lane Hospital, 
Auckland, New Zealand 


Pulmonary vascular resistance index (PVRI) was 
measured at rest and with an infusion of isoprenaline 
(usually 0:05 to 0-1 um/kg/min) in 31 patients with 
ventricular septal defect and pulmonary vascular 
disease. Patients were divided into group А or B 
according to whether or not PVRI fell to 7 units.m? 
with isoprenaline: group A (responsive), n— 15, age 
0-3—14 years (median 2), РУКІ resting 8-15 (median 
9-0), РУКІ isoprenaline 1:9—6-6 (median 4-2); group 
B (non-responsive), n —16, age 1-32 years (median 
2) PVRI resting 8-43 (median 18), PVRI iso- 
prenaline 9:3-35 (median 16). Other variables, 
including resistance ratios, showed less clear dis- 
crimination. For example, 4/13 patients in group A 
had resting pulmonary: systemic resistance ratios 
0-5, and 4/16 patients in group B had resistance 
ratios «0-5. Fifteen group А patients underwent 
operation. One patient died at one month (grade 1 
Heath-Edwards changes), one showed progressive 
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pulmonary vascular disease after a breakdown of the 
repair, and the remainder have done well. In nine 
patients undergoing postoperative restudy the high- 
est РУКІ at rest was 5-2 units.m? and with iso- 
prenaline 2-7 units.m? Operation was undertaken in 
3/16 group B patients, with two deaths (grade 4 
Heath-Edwards changes); the third showed 
progressive pulmonary vascular disease. All non- 
operated group B patients showed progression of 
pulmonary vascular disease with one death (grade 6 
Heath-Edwards changes). 

Reduction of РУКІ to 7 units.m? with iso- 
prenaline predicts a good pulmonary vascular 
response to operation irrespective of resting PVRI. 
Operation is probably contraindicated unless this 
level can be achieved. 


Transposition of the great arteries—adults 
and adolescents late after Mustard procedure 


Jane Somerville, Carole Warnes 
Paediatric and Adolesent Unit, National Heart 
Hospital, London 


Fourteen patients with transposition of the great 
arteries aged 15—26 years treated by Mustard pro- 
cedures at the age of 14 months to 14 years were 
evaluated with Holter monitoring, ventricular func- 
tion assessment, and treadmill exercise studies as 
well as clinical examination. Ten had had earlier 
atrial septectomy (Blalock-Hanlon) when aged 9 
days to 6 years. One died with chronic failure and 
unstable atrial arrhythmias aged 15 years in a disco, 
and one has been lost to follow up. Six of the remain- 
ing 12 have basic sinus rhythm and the rest have 
nodal rhythm or atrial flutter with paced block. Elec- 
trocardiographic monitoring shows changing 
arrhythmias such as flutter, supraventricular tachy- 
cardia, sinus arrest, bigeminy, and nodal rhythm in 
11; these are symptomatic ш five. One patient with 
left outflow obstruction was resuscitated from 
“death” probably from rapid atrial tachycardia. One 
other has severe left ventricular outflow obstruction. 
Three require diuretics for impaired right ventricu- 
lar function and three have tricuspid regurgitation. 
Ten survivors lead normal lives and two have mild 
disability. One uncomplicated pregnancy with a пог- 
mal baby has occurred. After good surgery, provided 
there 1s regular assessment and control of arrhyth- 
mias and failure, this group of patients once doomed 
to die in infancy live good lives in the third decade. 
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Success and complication rates for coronary 
angioplasty in patients with and without 
previous myocardial infarction 


R A Perry, A Singh, M F Shiu 
University Department of Cardiology, Queen 
Elizabeth Hospital, Birmingham 


In 116 consecutive patients undergoing coronary 
angioplasty for the first time 49 (group 1) had pre- 
viously documented myocardial infarction. In group 
1 the primary success rate was 57% compared with 
85% in 67 patients (group 2) without previous 
infarction. There was no difference in the age, sex, 
site of lesion, or severity of stenosis between the two 
groups. Failure in group 1 was due to failure to cross 
in eight cases, failure to dilate in two, myocardial 
infarction in four, and emergency coronary artery 
bypass grafting in four with one death. Failure in 
group 2 was due to inability to cross in eight and 
myocardial infarction in two with no emergency 
surgery or death. Acute coronary occlusion occurred 
in six patients in each group and was managed by 
immediate repeat angioplasty in all. In group 1 this 
was associated with myocardial infarction in each 
instance, while in group 2 repeat angioplasty was 
successful in all six but two patients sustained non- 
transmural infarction. 

In this series of patients undergoing percutaneous 
transluminal coronary angioplasty in one centre the 
lower success rate in patients with previous myo- 
cardial infarction was primarily due to the increased 
incidence and severity of complications rather than 
to failure to cross the lesion. 


Emergency surgery following percutaneous 
transluminal coronary angioplasty 


J R L Hamilton, J Cleland, Н О J O'Kane 
Cardiac Surgical Unit, Royal Victoria Hospital, 
Belfast 


In the three year period from August 1982 to July 
1985, 211 percutaneous transluminal coronary 
angioplasties were carried out in' two cardiological 
units, with 10 patients (4-795) being referred for 
emergency surgery. There were seven men and three 
women with an average age of 55 years (40-65). Nine 
of the patients were originally admitted with acute 
myocardial ischaemia, two with definite myocardial 
infarctions. All ten patients underwent single vessel 
angioplasty, six to the right coronary artery and four 
to the left anterior descending coronary artery. In 
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one patient a broken guidewire impacted in the left 
anterior descending coronary artery (without 
ischaemic changes) was the cause of referral for 
emergency surgery. The other nine had evidence of 
prolonged acute ischaemia precipitated by total 
obstruction of the vessel by dissection (5 patients), 
thrombus (2 patients), or irreversible spasm (2 
patients). Single coronary artery bypass grafts were 
performed in seven patients, double grafts in two, 
and one patient had a tnple bypass. The average 
revascularisation time (from onset of ischaemia to 
completion of graft) was 290 minutes (range 
210—380). One patient required intra-aortic balloon 
pump support postoperatively. There were no oper- 
апуе deaths. Although six patients had a significant 
rise of myocardial specific creatine kinase, in only 
three was there accompanying electrocardiographic 
evidence of transmural infarction. The patient with 
the broken guidewire which was not completely 
removed was re-admitted three months post- 
operatively with an anterior myocardial infarction. 


Acute and chronic angiographic effects of in 
vivo coronary laser angioplasty 


T J Bowker, K M Fox, P A Poole-Wilson, 

S G Bown, A F Rickards 

The National Heart Hospital and University College 
Hospital, London 


The fibreoptic transluminal delivery of laser energy 
may provide the possibility of improving the pri- 
mary success rate of, and perhaps of widening the 
indications for, coronary angioplasty. Potential dan- 
gers of laser angioplasty can be early (acute per- 
foration) or late (stenosis or aneurysm). То find the 
acute in vivo perforation threshold of arteries of sim- 
ilar size to the proximal human coronary arteries, we 
delivered 30 separate argon laser pulses of different 
energies transluminally to separate sites in normal 
rabbit iliac end canine coronary arteries via a 100 um 
core optical fibre, with fibre tip in contact with arte- 
rial luminal surface. Laser perforation occurred in 
0/1 at 0-2 J, 0/2 at 0-5 J, 0/8 at 1 J, 0/5 at 2 ], 0/6 at 3 J, 
4/5 at 4 J, 2/2 at 5 J, and 1/T'at 7 J. To find the coaxial 
energy threshold for causing. early or late angio- 
graphic abnormalities, argon laser energy was deliv- 
ered to the coronary circulation of 10 normal closed 
chest dogs via a 100 um core fibre within a balloon 
angioplasty catheter, sited by a guide catheter under 
x ray screening. Three laser pulses (1, 2, and 3]) 
were delivered coaxially (balloon inflated) at the 
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game site. Coronary angiograms were recorded pre- 
laser, immediately post-laser, and again at 1 week. In 
three dogs, 5 J coaxial pulses were in given in vivo to 
the other coronary artery. There were seven one- 
week survivors, all with normal repeat angiograms, 
three of which had had x ray evidence of pre-laser 
mechanical perforation. There were two anaesthetic 
deaths, and two (immediately fatal) laser per- 
forations, one at 3J (subsequently found to have 
been non-coaxial), and one after 2х5]. 

Thus (a) coaxial energy of up to 3J (single pulse 
or 6] (cumulative dose) gives no immediate or 1 
week angiographic abnormalities; (b) immediate 
laser perforation is caused by coaxial energy of 10] 
(cumulative dose) but not by 5]; (c) acute mechani- 
cal perforation with a 100 um fibre lacks the mor- 
tality of laser perforation; and (d) the acute in vivo 
perforation threshold of 2-4mm diameter arteries 
(fibre tip in contact with luminal surface) is between 
3] and 4]. 


Which ultraviolet laser wavelengths are 
selective for atheromatous as opposed to 
normal arterial wall? 


T J Bowker, F W Cross, P T Rumsby, M C Gower, 
P A Poole-Wilson, K M Fox, S G Bown, 

A F Rickards 

The National Heart Hospital and University College 
Hospital, London 


The immediate danger of laser angioplasty, vessel 
perforation, 18 related to the extent of thermal dam- 
age suffered by the residual non-vaporised arterial 
wall immediately subjacent to the laser crater. Pulsed 
ultraviolet excumer lasers which destroy tissue by 
photo-ablation (a non-thermal mechanism of molec- 
ular disruption) do not:cause this region of sur- 
rounding thermal damage and thus their use may 
reduce the risk of vessel perforation. To find which 
ultraviolet wavelength would be appropriate for the 
photo-ablation of atheroma we quantified the effect 
of different energy densities of an excimer laser run 
at three different wavelengths (193nm (ArF), 
249nm (KrF), and 351nm (XeF)) on samples of 
normal and of atheromatous human postmortem 
aortic wall in which craters were produced by deliv- 
ering a train of 250, 20ns pulses of the directly 
focused beam at a repetition rate of 2-5 Hz. The 
range of energy densities used per crater were as 
follows: 55-5 J/cm? to 277 J/cm? at both 193 nm and 
249 nm, and 101 J/cm? to 555 J/cm? at 351 nm. Five 
different power densities were used at 193 nm and at 
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249 пт, and four power densities at 351 nm. For 
each wavelength and at each power density at least 
five craters were made. А careful record was kept of 
the energy variables used to produce each crater and 
their depths were then measured to the nearest 
10 um. With all three wavelengths crater depth was 
proportional to both energy density and total energy 
per crater. This dose response relation was least 
steep at 351 nm (15 um of penetration per J of energy 
delivered), steeper at 193 nm (66 pm/J), and steepest 
at 249 nm, which at each energy density consistently 
gave greater penetration into atheromatous tissue 
than it did into normal tissue (144 pm/J and 124 pm/J 
respectively). Such an atheroma-selective effect was 
not seen at 193 nm or 351 nm. 

Thus of the three wavelengths, 249nm (KrF) 
appears appropriate for laser angioplasty, and 1s the 
pulsed excimer laser wavelength for which a 
fibreoptic intracoronary delivery system should be 
developed. 


Linoleic acid, leucocyte sodium transport, free 
calcium, and blood pressure 


А M Heagerty, J D Ollerenshaw, J Jackson, 
R F Bing, Н Thurston, ] D Swales 
Department of Medicine, Leicester Royal 


Infirmary, Leicester 


Abnormal plasma membrane handling of sodium has 
been reported in patients with essential hyper- 
tension. This has been attributed to genetic alter- 
ations of membrane physicóchemical structure. In 
view of reports of a blood pressure lowering effect-of 
polyunsaturated fats, 11 was decided to i cada 
whether changes in dietary fat would alter both 
membrane sodium transport in leucocytes and blood 
pressure. Twenty two normotensive subjects with no 
family history of hypertension received either 4g 
safflower seed oil (containing 72% linoleic acid) or 
placebo capsules by random allocation for four 
weeks. Leucocyte sodium transport studies and free 
calcium estimations were performed at the end of 
each dietary period. Membrane lipids were esti- 
mated by gas liquid chromatography and blood pres- 
sure was measured by a random zero sphyg- 
momanometer. Membrane linoleic acid was 
significantly increased by safflower seed oil com- 
pared with placebo (17 (0 28) vs 16:3 (0-34)% of total 
lipids, p< 0-01). There was a significant increase in 
sodium pump rate on safflower oil compared with 
placebo (100 (9-3) us 72 (5:1) mmol/kg/h, p «0 01). 
Mean weight, plasma renin activity, and urinary 
sodium excretion (134(12:9) vs 139(10-4) mmol 
Na* [24 h) were unchanged. Systolic blood pressure 
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fell significantly on safflower oil (125 (3) vs 129 (3-3) 
mm Hg, p<0 01). In 13 subjects leucocyte free cal- 
cium was estimated using the fluorescent dye Quin- 
2. Intracellular free calcium fell on safflower seed oil 
compared with placebo (110 (5:2) vs 133 (9-9) nmol/l, 
р<0:05). 

These results suggest that an increase in dietary 
polyunsaturated fat can influence sodium pump 
activity and intracellular free calcium and lower 
blood pressure by altering the physicochemical 
properties of the plasma membrane. 


Prostacyclin production in saphenous vein 
from patients receiving aspirin 


GD Angelini, S P Passani, I M Breckenridge 
Department of Cardiac Surgery, University 
Hospital of Wales, Heath Park, Cardiff 


Since work showing that daily administration of 
300 mg of aspirin approximately halved the risk of 
subsequent myocardial infarction or coronary death 
we have noted a large increase in the numbers of 
patients presenting for coronary artery bypass 
surgery who have received chronic aspirin therapy. 
Segments of long saphenous vein (1 cm long) taken 
at operation from the lower portion of the leg were 
rested three times for 10 minutes each at 23° in 1 ml 
of a buffer (132 mmol/l sodium chloride, 5:3 mmol/l 
potassium chloride, 1-3 mmol/l magnesium sulphate, 
1-4mmol/! calcium chloride, 13:5 mmol/l sodium 
bicarbonate, 135 mmol/i Hepes/sodium hydroxide, 
pH 7:4 equilibrated with oxygen:carbon dioxide 
(95:5 v/v). Vein was then sliced into three weighed 
rings and prostaglandin production from endo- 
genous substances was then stimulated by vortex 
mixing each ring for 158 at 23°C in 0-3 ml of buffer. 
Prostaglandin production proceeded for a further 2 
minutes 45s where upon the vein was removed and 
indomethacin (33:3 ug/ml) was added to the buffer. 
After resting the buffer for 60 min at 23°C the con- 
centration of 6-keto-prostaglandin F,, was measured 
by radioimmunoassay. Mean venous prostacyclin 
production was 1-0 (0-8) pg/min per mg wet weight 
in 10 patients treated with aspirin compared with 
13 (8) pg/min per mg in 49 other patients (p < 0-001). 
Postoperative blood loss (measured by total chest 
drainage) was 798 (65) ml in patients receiving aspi- 
rin and 670 (26) ml in other patients (p « 0:05). 

We conclude that popular current treatment regi- 
mens have a very substantial inhibitory effect on 
venous prostacyclin production and thereby disable 
one of the main antithrombotic defences of the vessel 
wall. This is likely to exacerbate platelet activation 
resulting from damage to the vein graft endothelium 
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during intra-operative surgical manipulation and 
hence promote both early and late graft thrombotic 
occlusion. 


Intramyocardial platelet emboli in unstable 
angina and sudden ischaemic death 


M J Davies, A C Thomas 
St George's Hospital Medical School, London 


А specific search for platelet emboli in the myo- 
cardium was made in 90 patients who had died sud- 
denly (symptoms <6 hours) of ischaemic heart dis- 
ease and who had not sought medical treatment in 
the last two weeks. Cases were divided into those 
who had complained to their relatives of any new 
episodic symptoms of chest pain in the week pre- 
ceding the final event and those who had not. Com- 
plaints of vague ill health, tiredness, or indigestion 
without specifying chest pain were ignored. Platelet 
emboli were found overall in 27 (30%) of the 90. 
Emboli were found in 44% of the 36 cases with 
preceding episodic pain and in only 20-4% of the 54 
cases without. The difference is significant (p < 0:05) 
using the y? test corrected for continuity. With one 
exception platelet emboli were in the myocardium 
downstream of an atheromatous plaque undergoing 
rupture or fissuring. The data confirms that platelet 
embolisation into the myocardium occurs in a pro- 
portion of patients who have plaque fissures with 
exposed mural thrombus. Such pathological studies 
probably underestimate the true clinical incidence. 
'The association of platelet emboli with what would 
have been called unstable angina had the patients 
sought medical help suggests that the episodes of 
pain may have been mediated by transient ischaemic 
episodes due to the emboli. 

The analogy that has been made between unstable 
angina and transient cerebral ischaemic attacks 
known to be due to platelet embolism from ulcerated 
atheroma in the carotid arteries is confirmed by our 
study. 


Is early recanalisation in acute myocardial 
infarction recommendable? 


P G Hugenholtz 
Erasmus University, The Netherlands 


Evidence is finally accruing that myocardial infarct 
size can be limited, left ventricular function main- 
tained, and early, as well as late, mortality rates 
halved provided attempts at recanalisation are made 
within the first few hours after onset of clinical signs 
and symptoms of artery thombosis. Data from recent 
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trials will be compared with those reported by the 
Netherlands Interuniversity Cardiological Institute 
of 533 consecutive patients clinically thought to have 
myocardial infarction. In 269 patients assigned to 
streptokinase (SK) either with intracoronary admin- 
istration within four hours or to the same regimen 
with 500 000 U SK given intravenously upon admis- 
sion as well, death rate at a mean of eight months 
follow up was 23 (8:59) vs 41(15-5%) in 264 con- 
ventionally treated patients. This reduction in mor- 
tality, longer than that for any previously reported 
treatment, if confirmed by further trials requires a 
rethinking of the assignment, distribution, and avail- 
ability of health resources. The fact that rTPA (a 
human plasminogen activator) given intravenously 
in the same time span yields similar patency rates 
(+75% vs 85% in the ICI study) emphasises the 
involvement of first line medical resources. Argu- 
ments will be provided why ‘this additional 
expenditure may be cost saving in the long run. 


Is localised intracoronary hyperkalaemia a 
risk of laser angioplasty? 


T J Bowker, F W Cross, P T Rumsby, M C Gower, 
P A Poole-Wilson, K M Fox, S G Bown, 

A F Rickards 

The National Heart Hospital, and University 
College Hospital, London 


A potential danger of laser angioplasty may be toxic 
byproducts of photo-vaporisation of atheroma, arte- 
rial wall, or blood. To assess whether the laser 
energy which will penetrate atheromatous plaque 
can also haemolyse sufficient red blood cells to cause 
dangerous localised intracoronary hyperkalaemia we 
irradiated 20 samples of fresh heparinised human 
blood with different types and wavelengths of laser, 
that is pulsed and continuous wave Nd-YAGB 
(1060nm); argon (488 and 514nm); and pulsed 
excimer laser at 351 nm (XeF), 249 nm (KrF), and 
193nm (ArF). With pulsed and continuous Nd- 
YAG lasers the total energies delivered per ml of 
blood were those which in vitro will give either 1 mm 
(100 J and 60 J respectively) ог З mm (300 J and 180 T 
respectively) plaque penetration. With the argon 
laser we used pulse energies per ml of blood which 
in vitro will penetrate plaque by 0:1, 0-2, 1, 2, and 
5mm. The respective total energies delivered with 
the excimer laser penetrate up to 0-16 mm. Potas- 
sium concentrations ([K *]) were measured by flame 
photometry. With the argon laser [K*] was con- 
tinuously monitored during laser application by a 
potassium sensitive electrode capable of detecting 
[К +] changes down to 0-44 mmol/l. Post-laser [K*]s 
with argon (4:5—5:1 mmol/l) and all three excimer 
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(3-8-4-1 mmol/l) wavelengths lay within the control 
range (3-7-5-4 mmol/l, six samples), and the potas- 
sium sensitive electrode detected no change during 
argon laser application. With both types of Nd-YAG 
laser, however, there was a pronounced increase in 
[К +] to 7:5—7:7 and 17-4—20-5 mmol/l, for the 1 and 
3mm plaque penetration energies respectively. 

In conclusion intracoronary argon laser energy (of 
twice that which will cause immediate coronary per- 
foration) did not give а [K+] change of more than 
0-5 mmol/l (that is lysis of 84 million red blood cells); 
nor did lower doses of pulsed XeF, KrF, or ArF laser 
energy; both types of Nd-Y AG laser are likely to give 
localised intracoronary hyperkalaemia especially if 
plaque penetration of 1 mm or more is attempted 
with each energy delivery; and this is probably due 
to deeper penetration of longer wavelengths into 
blood and hence more extensive red blood cell 
damage. 


Attenuation by calcium blockade of the 
abnormal response to cold pressor stimulation 
in patients with ischaemia and normal 
coronary arteries 


D S Dymond, J L Caplin, J C O’Keefe, 
W D Flatman, S О Banim 
St Bartholomew's Hospital, London 


'This study was designed to investigate the effect of 
nisoldipine, a calcium antagonist, on the left ventric- 
ular and peripheral haemodynamic response to cold 
pressor stimulation in 12 patients with angina and 
normal coronary arteries. All patients had chest pain, 
evidence of ischaemia on excercise electro- 
cardiograms, and abnormal responses to exercise on 
radionuclide angiography. Patients were imaged at 
rest and after 1 minute and 2:5 minutes of cold pres- 
sor stimulation before and after 10mg of oral 
nisoldipine. Radionuclide angiograms were per- 
formed using gold-195 m (half life of 30-5 s). Before 
nisoldipine mean (SD) left ventricular ejection frac- 
tion fell from 61 (9)% at rest to 55 (9)95 at 1 minute 
of cold pressor stimulation, and 56(8)% at 2:5 
minutes cold pressor stimulation (both p «0-01 vs 
rest). Ten patients showed an abnormal ejection 
fraction response to cold pressor (fall in ejection frac- 
tion of 25%). Nisoldipine caused a rise in mean 
(SD) resting heart rate from 83 (12) to 92 (21) beats 
per minute and a fall in resting systolic pressure from 
145 (30) mm Hg to 136 (25) mm Hg. Both heart rate 
and systolic pressure rose significantly, however, 
from rest to both stages of cold pressor before and 
after nisoldipine. Moreover the cold induced 
increases in heart rate and systolic pressure from 
resting levels were not attenuated by nisoldipine at 
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either stage. After nisoldipine, left ventricular ejec- 
tion fraction was 63 (10)% at rest, 64(9)% at 1 
minute cold pressor, and 65 (6)% at 2-5 minutes cold 
pressor (not significantly different) and only three 
patients had an abnormal response. Left ventricular 
ejection fraction was significantly higher at each cold 
pressor stage compared to pre-nisoldipine values 
(p « 0-001). 

In conclusion (a) abnormal response to cold pres- 
sor is common in patients with ischaemic syndromes 
and normal coronary arteries, (b) this response is 
largely blocked by a calcium antagonist, and (c) this 
effect is not mediated by blocking the heart rate and 
systolic pressure responses to cold stimulation and is 
possibly related to inhibition of cold induced coro- 
nary vasoconstriction. 


Double blind comparison of the effect of 
increasing diuretics or adding captopril in the 
treatment of moderate cardiac failure 


A J Cowley, K Stainer, J M Rowley, J R Hampton 
Department of Medicine, University Hospital, 
Nottingham 


Ten patients with heart failure who remained symp- 
tomatic despite treatment with 40 mg of frusemide 
daily were included in a randomised double blind 
crossover study to compare the effect of increased 
doses of diuretics with the addition of captopril. T'he 
patients were considered to have moderate heart 
failure clinically and as measured by their exercise 
tolerance. All patients were maintained on 40 mg of 
frusemide throughout the study. They were treated 
in random order with an extra 40 mg of frusemide 
daily for two weeks followed by an extra 80 mg of 
frusemide for a further two weeks, and with the 
addition of captopril 25 mg three times a day for two 
weeks followed by 50 mg three times a day for two 
weeks. Between treatments there was a single blind 
period in which placebo tablets were added to the 
standard frusemide 40 mg. Mean (SEM) symptom- 
limited exercise tolerance measured on a treadmill 
increased from 13 (1:2) minutes to 15-6 (0-9) minutes 
at the end of the period of extra frusemide (p « 0-01) 
and from 13:4 (1-2) minutes to 14-9 (0:9) minutes at 
the end of captopril treatment (p «0-05). Venous 
occlusion plethysmography showed that both treat- 
ments caused arteriolar and venous vasodilatation in 
the limbs. In these patients with moderate heart fail- 
ure increased diuretics produced a more favourable 
short term response than captopril. 
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Assessment of ventricular function in aortic 
regurgitation by phase analysis of equilibrium 
radionuclide ventriculography 


OJ M Ormerod, D L Stone, R W Barber, 

E P Wraight, M C Petch 

Cardiac Uniz, Papworth Hospital, Cambridge and 
Department of Nuclear Medicine, Addenbrooke's 
Hospital, Cambridge 


An objective non-invasive measure of early changes 
in left ventricular (LV) function 1n chronic aortic 
regurgitation (AR) would be helpful in deciding the 
timing of valve replacement. In this study phase 
analysis of equilibrium radionuclide ventricu- 
lography was compared with LV ejection fraction 
(EF), regurgitant index, and clinical assessment. In 
15 control subjects LV phase spread (standard devi- 
ation of LV phase values) was 8-0(2-6)° (mean(2 
SD)). A group of 27 patients with chronic AR were 
divided independently into those with clinically mild 
(group I, n=8), moderate (group II, n-— 10), and 
severe (group III, n=9) disease. Mean LV phase 
spread was normal at rest in groups I (8:2 (2)°) and 
II (8-9 (2-4)°) and increased in group III (12:9 (3-7)?) 
(mean (SD): II vs III, p<0-05). Phase spread was 
abnormal in 1/8 in group I, 2/10 in group II, and 8/9 
in group III. EF was normal in all patients at rest and 
fell by 7 0-05 in six patients (three 1n group II, three 
in group III). In six patients with symptoms phase 
spread was abnormal 1n 6/6 but EF fell on exercise 
in only 2/6. The regurgitant index correlated poorly 
with measures of L'V function. 

Changes in regional wall motion defined by phase 
analysis are more sensitive than global EF in 
detecting abnormalities in LV function due to AR. 


Ten year clinical evaluation of models 6400 
and 6120 Starr-Edwards isolated mitral valve 
replacement 


I Th Fessatidis, D R Hackett, Celia Oakley, 

R N Sapsford, H H Bentall 

Department of Cardiothoracic Surgery and Cardiol- 
ogy, Hammersmith Hospital, Royal Postgraduate 
Medical School, London 


Performance characteristics differ significantly 
between va-ious currently available heart valve pros- 
theses. To determine the long term outcome of 
Starr-Edwards (S-E) mitral valve replacement we 
identified 286 patients discharged from hospital who 
had isolated mitral valve replacement with S-E mod- 
els 6400 or 6120 during 1974—1983. We followed up 
279(97-5%) patients to 1984—a total of 1573 
patients-years. Mean age at implantation was 51:6 
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years, 39-4% were male, and eight (2-87%) had had 
previous mitral valve replacements. Ten year mor- 
tality was 40 deaths (2:54% patient-years) of which 
26 (1-65% patient-years) were cardiac in origin and 
eight of these (0.5095 patient-years) were directly 
valve related. Reoperation was necessary in 13 
(465%); three (1:07%) because of throm- 
boembolism, four (1-439) for infective endocarditis, 
and six (2-15%) for paraprosthetic regurgitation, all 
within the first two years. Total 10 year valve-related 
morbidity was 32(2:03% patient-years) due to 
thromboembolism 16 (1:01% patient-years), anti- 
coagulant related haemorrhage four (0 25% patient- 
years), prosthetic endocarditis four (0 25% patient- 
years), haemolysis two (0-12% patient-years), and 
paraprosthetic regurgitation six (0:38% patient- 
years). 

This current prosthesis based assessment docu- 
mented satisfactory long term performance charac- 
teristics of the S-E mitral models 6400 and 6120 
without any recorded episodes of mechanical valve 
dysfunction and compares favourably with other 
available mitral prostheses. 


The assessment of surgical shunt patency by 
Doppler 


H C Mulholland, M D Shields 
Royal Belfast Hospital for Sick Children, Belfast 


Range gated pulsed Doppler echocardiography was 
used to evaluate the patency of surgically created 
systemic-pulmonary artery anastomosis in 41 chil- 
dren with cyanotic congenital heart disease and right 
ventricular outflow tract obstruction. There were 26 
Blalock-Taussig and 15 Waterston shunts. In 24 
cases the shunt was diagnosed as being patent by 
placing the Doppler sample volume within the 
lumen of the shunt as identified on cross sectional 
imaging and obtaining the characteristic systolic and 
diastolic flow pattern. A further 11 patients in whom 
the shunt was not located on cross sectional image 
had systolic and diastolic turbulent flow in the pul- 
monary artery and its branches (systolic turbulence 
alone was present preoperatively). Thirty two of the 
33 patients with Doppler diagnosed patency had 
clinical evidence of shunt patency (good colour, con- 
tinuous murmur). In one case with Doppler patency 
the patient was mildly cyanosed but colour improved 
once ventilation perfusion imbalance was corrected. 
Three shunts were shown to be completely blocked 
by finding no flow within shunt lumen (1) or no 
evidence of any diastolic flow in the pulmonary 
artery or its branches (2). These were confirmed to 
be non-patent at cardiac catheterisation (2) and nec- 
ropsy (1). Of the remaining six clinically non-patent 
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shunts low amplitude Doppler turbulent signals 
were present either within the shunt or in the region 
of shunt insertion to the pulmonary artery, These 
were considered to be partly blocked and this was 
confirmed at cardiac catheterisation (5) and oper- 
ation (1). 

This study confirms that pulsed Doppler echo- 
cardiography is a useful tool for assessing shunt 
patency after operation. 


Anatomic correction for transposition and 
DORV—early and intermediate structural 
and functional considerations 


C Lincoln, M Rigby, E Shinebourne, D Gibson 
Brompton Hospital, London 


Thirty five patients have undergone anatomic cor- 
rection of transposition of the great arteries (T GA). 
'Ten had intact ventricular septum (TGA/IVS), 17 
had ventricular septal defect (TGA/VSD), and eight 
had double outlet right ventricle with subpulmonary 
VSD (DORV). Their ages ranged from 18 hours to 
6 years (mean 11:3 months) and their weights from 
2-6-16-4 kg (mean 6:1 ке). The TGA/IVS group on 
average was younger (mean 1:2 months) and smaller 
(mean 3-6kg) than the other two groups. Eleven 
patients had pulmonary artery banding, four repair 
of coarctation, four had atrial septectomy, and two 
bad systemic/pulmonary artery shunts performed. 
Thirty day hospital mortality was two in TGA/IVS, 
six in TGA/VSD, and one in DORV. There have 
been no late deaths. Fifteen patients have undergone 
cardiac catheterisation and angiography from one to 
four years following operation. There has been satis- 
factory growth of the great vessels at the site of the 
anastomoses. Їп one patient there is narrowing of the 
right coronary artery. Aortic regurgitation has not 
been demonstrated. The mean left ventricular-aortic 
pressure gradient was 6mmHg and the night 
ventricular-pulmonary artery gradient was 
29 mm Hg. More precise examination of left ventric- 
ular function by frame by frame analysis of ventricu- 
lograms indicated normal volumes, ejection fraction, 
and shape index changes ın all. In six patients 
regional wall motion was normally synchronous and 
symmetrical. In six there was minor hypokinesis of 
the free wall, associated with delay in the onset of 
inward motion. Significant asynchrony occurred in 
three, affecting the inferior wall in two and the free 
wall in one. These changes may reflect the effects of 
cardiopulmonary bypass, the correction of volume 
overload, or transient interference with coronary 
flow. 
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Pulmonary atresia in prenatal life 


Lindsey D Allan, Diane C Crawford, M J Tynan 
Department of Paediatric Cardiology, Guy’s 
Hospital, London 


Of seven cases of pulmonary atresia with intact ven- 
tricular septum recognised by echocardiography in 
prenatal life, five have had gross dilatation of the 
right heart. This is unusual compared with postnatal 
series in which a dilated right ventricle is uncommon 
unless there is associated Ebstein’s anomaly. The 
criteria for diagnosis of pulmonary atresia were fail- 
ure to visualise the valve opening on systole, no-for- 
ward flow through the main pulmonary artery in the 
three cases evaluated by Doppler, or failure to dem- 
onstrate a connection between the main pulmonary 
artery and the right ventricle. Cases where these 
findings were present but the tricuspid valve attach- 
ment was displaced were no included in this study. 
In the cases with right ventricular dilatation, the 
right ventricular:Jeft ventricular ratio ranged from 
1:4 to 3:5 compared with a normal ratio of 1-0 (0 2). 
The main pulmonary artery was smaller than the 
aorta in each case, ranging from 0-5 to 0 75, com- 
pared with a normal ratio of 1:4(0-4). Tricuspid 
incompetence was demonstrated in the two cases 
evaluated by Doppler. The degree of lung com- 
pression in the five cases with enlarged right ventri- 
cles appeared to contribute significantly to the uni- 
versal mortality in these cases in our series—one 
intrauterine death, two stillbirths, two neonatal 
deaths. Relief of the cardiac enlargement during 
pregnancy to allow normal lung development during 
the last weeks of pregnancy seems to be the logical 
method of approach. Will catheter-mediated intra- 
uterine surgery ever be able to achieve this? 


Does elective hypothermic circulatory arrest 
cause brain damage? Influence of its duration 
and other perioperative variables in patients 
with congenital heart disease 


R Ekroth, R Thompson, A Jackson, C Lincoln 
Brompton Hospital, London, and Department of 
Clinical Biochemistry, Addenbrooke’s Hospital, 
Cambridge 


Surgical repair can be enhanced by use of hypother- 
mic circulatory arrest (15°C) when treating very 
small patients with complex congenital heart disease. 
Brain type isoenzyme creatine kinase (CK-BB) is 
known to be released after brain injury. Blood con- 
centrations of CK-BB were measured before and 
after circulatory arrest and were related to the 
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duration of circulatory arrest and other perioperative 
variables with a known or assumed impact on the 
magnitude of brain injury in 20 patients weighing 
less than 8kg with complex congenital heart disease 
who were operated on while in profound hypother- 
mic and circulatory arrest achieved by topical cool- 
ing and core cooling to 15°C. Samples were obtained 
from arterial and internal jugular venous blood for 
analysis of CK-BB before and for 20 hours after 
operation (28 specimens from each patient), and 
were analysed by a two site monoclonal antibody 
technique. CK-BB concentrations increased from 
3-5 (0:5) (mean (SEM)) mg/ml to a peak average of 
27(9) mg/ml (range 35-240). Venous concen- 
trations increased significantly more than arterial 
concentrations, indicating a release into the cerebral 
venous effluent. The CK-BB concentration curves 
were positively related to the arrest time (r-— 0-9), 
post-arrest blood glucose concentration (г= 0:69), 
preoperative haemoglobin concentration (r= 0:42); 
and were negatively related to age (r = — 0 67), post- 
arrest pH (r= —0 78), and post-arrest haemoglobin 
concentration (r=0 76). The correlation coefficient 
for preoperative oxygen saturation versus CK-BB 
was —0-41 (p= < —0-02) for the group and -- 0:61 
(p= < 0-05) for those with cyanosis. 

These results suggest that plasma analysis of CK- 
BB can quantify brain dysfunction and that oxygen 
desaturation at levels found clinically may be detri- 
mental, giving further support for early rather than 
late corrective surgery in patient with cyanotic con- 
genital heart disease. 


The fate of adults with tricuspid atresia and 
normally related great arteries 


Carole А Warnes, Jane Somerville 
Paediatric and Adolescent Unit, National Heart 
Hospital, London 


Nineteen patients aged 15-39 years (mean 24) with 
tricuspid atresia and normally related great arteries 
were reviewed to determine their quality of life and 
exercise capacity using a symptom limited treadmill 
exercise test (ET) (modified Bruce protocol). Four- 
teen had >1 shunts before 14 years and eight had a 
shunt before one year. Ten patients had a Fontan 
operation at 9—22 years (group À, mean age now 22) 
and nine had either a shunt (8) or no surgery (1) 
(group B, mean age now 27). The 10 in group À are 
New York Heart Association grade I or II; one 1s 
slightly cyanosed from a small atrial septal defect. 
Nine lead а normal life and eight are working or 
attend normal school. Nine performed the ET; four 
reached stage II; three stage III, and two stage IV. 
Seven of group B are New York Heart Association 
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grade I or П and two are grade 111; all are cyanosed. 
Six lead a normal life, but only four are working. All 
performed the ET and two only reached stage I; 
three stage IT; three stage III; and one stage IV. Left 
ventricular ejection fraction measured by radio- 
nuclide angiography was similar in group А (mean 
47%) and eight of group B (mean 46%) and did not 
correlate with exercise capacity. 

Survival with tricuspid atresia into the fourth 
decade is possible exceptionally, even without prior 
surgery. Fontan survivors have slightly better exer- 
cise tolerance than those with shunts, who are less 
likely to work. Despite possible deleterious effects on 
left ventricular function from longstanding shunts, 
however, patients can have a good quality of life after 
simple shunting procedures. 


The clinical significance of ventricular 
supernormal period in man 


G S Butrous, D W Davies, N Debbas, J Erwin, 
AJ Camm 

Cardiac Department, St Bartholomew’s Hospital, 
London 


Chnical assessment of the supernormal period 
(SNP) (the interval where a subthreshold stimulus 
can excite the ventricle) was performed in 23 patients 
during routine electrophysiological studies (7 for 
syncope, 2 for conduction defects, 9 for supra- 
ventricular arrhythmias, and 5 with ventricular 
tachycardia (of whom two were on amiodarone)). 
'The SNP was assessed with a cathodal and anodal 
single ventricular extrastimulus after 8 beats of con- 
stant rate atrial pacing at 100 bpm. The cathodal 
diastolic threshold was significantly lower than 
anodal (0-48 (0-2) vs 1 2(0:5) mA, p «0-01). A SNP 
(defined as being equal to or > 5% less than diastolic 
threshold) was demonstrated in all but three 
patients. A cathodal SNP was seen in 20 patients but 
only 12(61%) had an anodal SNP. Cathodal SNPs 
were more sharply defined but significantly smaller 
than the anodal SNPs (51(42) vs 103(54) ms, 
p <0 05). In patients with no ventricular tachycardia 
7294 of the cathodal SNPs were within the QT inter- 
val measured during atrial pacing at bpm (QT, 
370 (28) ms), but only 51% of the anodal SNPs were 
within the QT interval. In three patients who had 
inducible ventricular tachycardia only 5% of the 
cathodal SNPs were within the QT interval (QT, 
330 (25) ms). In two patients with ventricular tachy- 
cardia largely controlled with amiodarone, 92% and 
54%, of the cathodal SNP was within the QT inter- 
val. Thus SNP can be determined clinically and may 
be a useful electrophysiological assessment of the 
potential for ventricular tachycardia. 
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Automatic diagnosis of ventricular 
tachycardia by new methods of electrogram 
analysis 


D W Davies, R J Wainwright, M Tooley, A J Camm 
St Bartholomew’s and the Brook Hospitals, London 


Pulse generators are implanted specifically for the 
management of ventricular tachyarrhythmias (VT). 
The diagnosis of VT by such a device is based on 
heart rate analysis and 18 therefore susceptible to 
confusion with other tachycardias such as sinus 
tachycardia. A diagnostic method which is indepen- 
dent of heart rate criteria 1s essential. Since the shape 
of endocardial electrograms is altered by changes of 
rhythm, we have compared three methods of electro- 
gram analysis for their ability to distinguish VT from 
sinus rhythm: fast Fourier transformation (FFT), 
gradient pattern detection (GPD), and intrinsic 
deflection timing (IT). Simultaneous bipolar and 
unipolar electrograms from the right ventricular 
apex were recorded between 0-016 and 1 kHz during 
sinus rhythm and 11 different VT from 10 patients. 
Bipolar electrograms were then analysed by FFT 
and by GPD, a program which memonises the 
sequence of gradients within an electrogram (based 
on a computerised first differential of the electro- 
gram) and detects arrhythmias when the pattern of 
gradients changes. The third method, IT, was 
applied to unipolar electrograms and consists of 
measurement of the time (t) between the initial and 
intrinsic deflections of these electrograms. With 
altered ventricular depolarisation sequence t also 
changes allowing V'T to be recognised. 

Frequency analysis by FFT descriminated VT 
from sinus rhythm on only seven occasions whereas 
GPD and IT, which rely on analysis of electrogram 
morphology, were successful in 10 of the 11 exam- 
ples. The changes in t within unipolar electrograms 
produced by VT ranged from 15 to 65 ms (mean 
38-75 ms). Both GPD and IT failed to distinguish 
the same VT which was right ventricular septal in 
ongin. Analysis of electrogram morphology by GPD 
and IT will prove useful in the automatic diagnosis 
of VT by implantable devices. 


Haemodynamic and symptomatic improve- 
ment using dual chamber pacing in 
hypertrophic cardiomyopathy 


J Erwin, E McWilliams, G Gearty, B Maurer 
Royal City of Dublin Hospital and St Vincent's 
Hospital, Dublin, Eire 


Patients with hypertrophic cardiomyopathy ш 


‚ 642 


whom drugs have failed to control symptoms and in 
whom surgery may not be feasible present a difficult 
management problem. Four patients were studied, 
three complained of dyspnoea, New York Heart 
Association grade III, one grade IV, and all had 
maximum drug therapy before assessment. Cardiac 
catheterisation had been carried out previously and 
echocardiography was repeated before study. Hae- 
modynamics were assessed before and during tem- 
porary dual chamber pacing using flow directed 
thermodilution catheters. Results showed a fall in 
pulmonary capillary wedge pressure from 12 (3) 
mm Hg pre-pacing to 9 (2) mm Hg post-pacing with 
no change in systemic pressure. Cardiac output was 
maintained, being 4:45 (1:47) l/min pre-pacing and 
4:57 (1:57) l/min post-pacing. The atrioventricular 

` (АУ) delay showing the best haemodynamic 
response at rest was 150 msec, close to the resting 
P-R interval; short AV delays did not maintain car- 
diac output or reduce pulmonary capillary wedge 
pressure to the same extent. On the basis of these 
results permanent (DDD) pacemakers were 
implanted with an AV delay of 150 msec. Patients 
noted an impressive clinical response, with two 
becoming asymptomatic and two becoming grade I 
without previous drug therapy. Echocardiographic 
follow up (mean 12 months) showed a reduction in 
mutral leaflet systolic anterior motion and less 
outflow tract obstruction. We conclude that dual 
chamber pacing improves haemodynamics in hyper- 
trophic cardiomyopathy, and this is reflected in a 
pronounced symptomatic improvement and left ven- 
tricular outflow obstruction is lessened. 


Adaptation of overdrive pacing rate for 
termination of AV re-entry tachycardia with 
change in posture—relevance for automatic 
software pacemakers 


E Rowland, A D Cunningham, A F Rickards 
National Heart Hospital, London 


The recent introduction of software-based pace- 
makers for terminating re-entry atrioventricular 
(AV) tachycardia has permitted the use of algorithms 
that can adapt to the acceleration of tachycardia 
under differing physiological conditions. Atrial sys- 
tems are available which terminate tachycardia by 
producing second degree block within the AV node. 
We have assessed the relation between the rate of 
tachycardia and the rate at which second degree 
block develops in the AV node in seven patients with 
AV re-entry tachycardia undergoing electro- 
physiological study. All had presented with sus- 
tained episodes of tachycardia and had been resistant 
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to treatment with 4—7 oral antiarrhythmic agents. 
The patients, aged 18-45 years, were being 
investigated for their suitability for antitachycardia 
pacing. During sustained tachycardia, rapid atrial 
pacing, consisting of a train of 10 beats, was deliv- 
ered at a rate 10 beats a minute faster than the tachy- 
cardia. The rate of the bursts of rapid atrial pacing 
was increased by a further 10 beats a minute until AV 
nodal block was produced and the arrhythmia was 
terminated. The test was undertaken with the 
patient lying and then repeated while the patient was 
standing. In each case the rate of tachycardia 
increased from the lying (135-210, mean 174 bpm) to 
the standing (145—240 bpm, mean 205 bpm) position 
and this was accompanied by an increase in each case 
of the rate required to cause AV nodal block. The 
cycle length of atrial pacing required was 93-80% of 
the tachycardia cycle length when the patients were 
lying down and 88-68% when the patients were 
standing. There was not a uniform degree of per- 
centage shortening with change in posture; four 
patients required a greater difference on standing 
with three demonstrating no change in the ratio. In 
three patients implantation of permanent anti- 
tachycardia pacemakers confirmed this relation. 
Incorporation of these data into algorithms for ter- 
mination of re-entry AV tachycardia will not only 
allow more rapid adaptation of burst pacing for ter- 
mination under differing physiological conditions 
but will also permit use of the minimum effective 
termination rate and so minimise the risk of produc- 
ing atrial fibrillation. 


Analysis of the signal averaged surface 
electrocardiogram for late potentials after 
myocardial infarction 


J D Skehan, R Kitney, S Hussain, M Rothman, 
A McDonald 

'The London Hospital and Imperial College, 
London 


Late potentials are low voltage oscillations 
detectable within the terminal QRS of the signal 
averaged surface electrocardiogram. Late potentials 
alone or a wide QRS (110 ms) may be predictors for 
re-entry ventricular tachycardia. We have studied 
the importance of these electrocardiographic fea- 
tures in patients after myocardial infarction. Major 
processing problems include a poor signal to noise 
ratio for late potentials and accurate QRS timing. 
We have combined signal averaging with additional 
processing methods including (a) subtraction of a 
polynomial fit from the original averaged electro- 
cardiogram and (b) high pass frequence domain 
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filtering. These methods are simple and com- 
plementary and have advantages over the bi- 
directional time-domain filtering and vector mag- 
nitude calculation that are usually employed. Of 40 
patients after myocardial infarction 15 had a positive 
result, five with late potentials, four with a wide 
QRS, and six with both. Twenty healthy controls 
were negative. Five of the 15 positives had a left 
ventricular aneurysm compared with one of 25 nega- 
tives. Positive results were found more often when a 
submaximal exercise test (5 mets) was abnormal (12 
of 28 patients) than when it was normal (3 of 12). No 
difference was found between positive and negative 
groups in the incidence of ventricular tachycardia 
induced by programmed stimulation, and clinical 
follow up (8 months) showed no difference in clinical 
ventricular tachycardia, which occurred in one 
patient from each group. 


Ambulatory pulmonary artery pressure 
monitoring in the evaluation of angina 
pectoris 


R D Levy, L M Shapiro, Christine Wright, Lorna 
Mockus, K M Fox 
National Heart Hospital, London 


A method for the continuous measurement of ambu- 
latory pulmonary artery (РА) pressure using a trans- 
ducer tipped catheter and a simple recording system 
has been developed. РА pressure 1s recorded on a 
miniaturised tape recorder and played via an optical 
writer and analysed beat-to-beat. The transducer 
upped catheter has been validated against a con- 
ventional fluid-filled system, and changes in left ven- 
tricular end diastolic pressure are faithfully reflected 
in changes in PA diastolic pressure. We have 
investigated haemodynamic changes during ST 
depression. Continuous 24 hour ambulatory PA 
monitoring was performed in 17 patients with coro- 
nary artery disease. We have compared the changes 
during 36 daytime anginal episodes with those dur- 
ing a treadmill exercise test (modified Bruce). On 
exercise the onset of РА preceded ST segment 
depression in 15/17 patients whereas during sponta- 
neous episodes this occurred in 9/34 cases. The mag- 
nitude of PA increase and ST depression were not 
significantly different. On cessation of exercise the 
PA diastolic pressure returned to basal more rapidly 
(0-5 min, range 0-2-102) than did the ST segment 
(62min, range 0-1-25:9 [p<0-01]). During two 
painful episodes and two exercise tests there was a 
significant rise in PA diastolic pressure but no 
change in the ST segment. In five patients with nor- 
mal coronary arteries presenting with chest pain, 
there was no significant change in the РА diastolic 
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pressure on exercise. Thus, ambulatory pulmonary 
artery pressure monitoring is a useful technique in 
the evaluation of patients with angina. 


Coronary vasodilatation by calcitonin gene 
related peptide 


J McEwan, S Chierchia, С Davies, J Stevenson, 
M Brown, A Maseri, I MacIntyre 
Hammersmith Hospital, London 


The primary RNA transcript of the calcitonin gene 
can be modified in a tissue specific manner to give 
alternative mRNA’s, one of which encodes the calci- 
tonin gene related peptide (CGRP). This carculating 
peptide, a potent systemic vasodilator, 1s widely dis- 
tributed in the nervous and cardiovascular systems 
and has been identified in the periadventitial nerves 
of the coronary arteries. We studied the effect on 
coronary artery diameter of infusion of saline as con- 
trol followed by CGRP imn incremental doses into the 
left coronary artery. Six patients were examined dur- 
ing routine angiography. Four patients had atypical 
chest pain and normal coronary arteries and two had 
variant angina with coronary spasm superimposed 
on non-critical lesions. The maximum dose of 
200ng/min for 5 minutes was 1/20th of the max- 
imum systemic dose reported and caused no sys- 
temic effect other than mild facial flushing. Coronary 
arteriography was repeated after each infusion 
period and epicardial vessel diameter was measured 
manually and by use of a CASS computer system. 
No effect of saline was found but a dose dependent 
increase in arterial diameter occurred during CGRP 
infusion. The maximum increase in proximal 
circumflex, and in proximal, mid, and distal left 
anterior descending artery diameter was 35%, 20%, 
21%, and 83% respectively, with a 32% increase at 
the site of the two atheromatous lesions. Intra- 
coronary injection of 15yg CGRP relieved 
ergometrine induced pain, ST elevation, and coro- 
nary spasm in two patients, though prior infusion 
had not prevented the spasm. 

The demonstration of dilatation of coronary arte- 
ries as well as vascular location and systemic vaso- 
dilation suggest that CGRP could have a role in the 
control of vascular smooth muscle tone. 


The effects of beta blocker, calcium 
antagonist, and nitrate in patients with 
exertional and rest angina 


А А Quyyumi, T Crake, C Wright, L Mockus, 
R Levy, K M Fox 
National Heart Hospital, London 
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There is controversy about the mechanisms and 
treatment of rest angina. Some believe that vaso- 
motor tone alteration is important, whereas others 
have shown increases in myocardial oxygen demand 
before onset of ischaemia. We investigated the effects 
of atenolol 100mg a day, nifedipine 20mg three 
times a day, and isosorbide mononitrate 40 mg twice 
a day given for five days each in a double blind trial 
in nine patients (eight with three vessel disease and 
one with single vessel disease) with coronary artery 
disease and frequent daytime and nocturnal pain and 
ambulatory ST changes. During the last 48 hours of 
each treatment period patients kept angina diaries 
and had treadmill exercise testing and ambulatory 
ST monitoring performed. There was significant 
reduction in the number and duration of episodes of 
ST change with atenolol when compared with nif- 
edipine and isosorbide (atenolol vs nifedipine, 23% 
(р <0:01) (atenolol vs isosorbide, 34% (p<0-01). 
Nocturnal episodes were reduced with all three 
drugs. Pain frequency was greater with isosorbide 
than with atenolol (p<0 01). Only one patient had 
improvement in exercise tolerance with nifedipine 
compared with atenolol, whereas the others exer- 
cised more or to an equal workload with atenolol. 
This patient had single vessel disease and coronary 
tone alteration which may have been an important 
factor. Overall, beta receptor blockade was the most 
effective means of reducing myocardial ischaemia 
occurring at rest and exercise and should be consid- 
ered as first line therapy. 


Spontaneous variability of ventricular 
arrhythmia and its effect on the optimal 
duration of electrocardiographic monitoring 
required 


J P Mulrow, M J R Healy, W J McKenna 
Hammersmith Hospital and London School of 
Hygiene and Tropical Medicine, London 


The biological variability of arrhythmia determines 
the duration of electrocardiographic monitoring and 
the percentage reduction of arrhythmia necessary to 
demonstrate therapeutic efficacy. We have assessed 
the variability of ventricular extrasystoles and the 
duration of electrocardiographic monitoring neces- 
sary to exclude ventricular tachycardia, using 16 
patients with hypertrophic cardiomyopathy and 
ventricular tachycardia as a model population. They 
had 48-168 hours of monitoring (median 72) off 
treatment in a one year period; 108 episodes of ven- 
tricular tachycardia (0-10, mean 1-5 per day) were 
recorded (52% incidence). Daily ventricular extra- 
systole rates were 2-17 693 (median 172). Analysis of 
variance showed a difference in ventricular extra- 
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systole counts between corresponding eight hour 
and 24 hour periods of 48% and 38% respectively. 
A sine curve fitted to these counts showed a circadian 
thythm with a peak frequency in the afternoon 
(50%) and night (50%). A 73% reduction in mean 
ventricular extrasystole frequency on corresponding 
eight hour or a 61% reduction on consecutive 24 
hours pericds was necessary to attribute with 95% 
confidence an effect to intervention rather than to 
spontaneous variability. The likelihood of excluding 
ventricular tachycardia on K days of electro- 
cardiographic monitoring with various rates of 
occurrence was determined. The probability of fail- 
ing to detect ventricular tachycardia was 48% for 24 
hours of monitoring, 23% for 48 hours, and 11% for 
72 hours. We conclude that for patients with hyper- 
trophic cardiomyopathy and ventricular tachycardia 
48-72 hours of electrocardiographic monitoring is 
appropriate to assess drug intervention for ventricu- 
lar tachycardia; and that the demonstration of a cir- 
cadian rhythm for ventricular extrasystoles indicates 
that similar hours of monitoring should be compared 
in the assessment of an intervention effect. 


Evidence that flecainide is superior to diso- 
pyramide in suppressing chronic ventricular 
premature complexes 


A Trosser, Fazia Khan, D E Jewitt 
King's College Hospital, London 


A double blind cross over comparison of flecainide 
200mg tw:ce daily and disopyramide 150 mg four 
times daily was used to assess efficacy and safety in 
13 patients (six with ischaemic heart disease and 
seven with hypertensive, valvar, or cardiomyopathic 
disease). Each patient had more than 100 ventricular 
premature complexes (VPCs) during a 24 hour Hol- 
ter monitor screen. Each active treatment period 
lasted 14 days, followed by seven days on placebo. At 
the start of the trial and at the end of each week 24 
hour Holter monitoring was performed. Blood sam- 
ples for drug assay were taken at the end of each 
treatment or placebo period. Median suppression of 
placebo VPC frequency was 94% for flecainide and 
53%, for disopyramide (p « 0-03). Greater than 80% 
suppression occurred in 69% of patients during 
flecainide and in 38%, during disopyramide treat- 
ment (p < 0-01). Complex arrhythmic events, includ- 
ing ventricular tachycardia, were significantly less 
common during flecainide treatment. Two patients 
during flecainide and two during disopyramide had 
at least a twofold 1ncrease in VPC frequency com- 
pared with control, indicating proarrhythmic effects. 
The incidence and severity of side effects including 
gastrointestinal and neurological symptoms were 
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comparable for both treatments. Blood pressure and 
heart rate were not altered by either agent. Flecai- 
nide produced greater prolongation of PQ and QRS 
intervals than disopyramide, sometimes exceeding 
normal values. The mean trough blood concen- 
trations for flecainide (686(135) ng/ml) and diso- 
pyramide (3-26(0-29) ug/ml) were within thera- 
peutic ranges. 

These findings confirm that flecainide is more 
effective than disopyramide ın suppressing chronic 
VPCs and complex ventricular arrhythmias, with no 
increase in the incidence of side effects. 


Reverse delta wave: a reliable sign of 
impending ventricular fibrillation in right 
coronary angiography 


J € P Crick 
Guy’s Hospital, London 


In a prospective study 22 episodes of ventricular 
fibrillation (VF), occurred during coronary angio- 
graphy over three years. In 20 cases ECG lead I was 
recorded initially and just before the onset of VF. In 
four cases VF followed left coronary injection of 
contrast medium and in 16 1t followed injection of 
the right coronary artery or right aortocoronary 
graft. In all but one of these cases the development 
of a characteristic ECG sign was observed before the 
onset of VF. This consists of an S wave having a 
sharp downstroke and a slurred upstroke with a 
width of at least 100 ms. The pattern resembles the 
delta wave of Wolff-Parkinson-White syndrome but 
inverted and reversed. In eight cases the reverse 
delta wave was the only abnormality preceding VF, 
in one case there were also frequent coupled ventric- 
ular extrasystoles, in three cases there were sinus 
pauses, and in three cases the onset of VF was 
obscured by artefact. An analysis of 50 unselected 
coronary angiograms from patients with a similar age 
and sex distribution and severity of coronary disease 
showed the occurrence of the reverse delta wave in 
only two cases, in both of which S waves of at least 
40 ms width were present in the initial ECG. A lesser 
version of the pattern with duration of 40—80 ms was 
recorded transiently after mght coronary artery 
injections in 31 cases. 

The reverse delta wave of at least 100 ms duration, 
suggesting delayed depolarisation of part of the ven- 
tricular myocardium to the right side, possibly the 
pulmonary conus, was thus a consistent and specific 
indicator of impending VF occurring, as the great 
majority did, during right coronary angiography. 
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Contrasting effects of the class III agents 
amiodarone and sotalol in ischaemic 
myocardium 


S M Cobbe, B S Manley 
John Radcliffe Hospital, Oxford 


The cellular electrophysiological effects of ami- 
odarone and sotalol were compared in the isolated 
perfused interventricular septum of the rabbit heart 
during control perfusion and ischaemia. Five rabbits 
were treated with oral amiodarone for 2-3 months 
and in seven sotalol (10^ ^ mol/l) was added to the 
perfusate. There were eight control septa in the amı- 
odarone group and seven in the sotalol study. Before 
ischaemia amiodarone caused a non-significant 
increase of 12% in action potential duration 
(APD,,.) and 7% ın effective refractory period 
(ERP). Action potential upstroke velocity (Уш) was 
reduced by 25%. In contrast, sotalol caused 
increases of 52% in APD,, and 31% in ERP, with 
no effect оп V,,,,. During 30 minutes’ zero-flow 
ischaemia, APD,, shortened in the amiodarone, 
sotalol, and control groups, such that neither drug 
maintained a persistent class III effect. The ERP in 
the sotalol group became significantly shorter than in 
controls, while in the amiodarone group there was 
gross lengthening of ERP with loss of 1:1 capture in 
3/5 muscles. The fall in Vex during ischaemia was 
accentuated by amiodarone but lessened by sotalol. 
The class III effects of both amiodarone and 
sotalol disappear in the ischaemic myocardium. 
Amiodarone exerts a major class I action during 
ischaemia, while sotalol preserves the sodium chan- 
nel, possibly because of a slowing of the rate of accu- 
mulation of extracellular potassium. These effects 
may account for some of the differences in the thera- 
peutic profiles of these two “‘class III" drugs. 


Arrhythmias and left ventricular hypertrophy 
in essential hypertension 


J McLenachan, E Henderson, C Isles, Н J Dargie 
Cardiac Department, Western Infirmary, Glasgow 


Electrocardiographic (ECG) evidence of left ventric- 
ular hypertrophy is a strong risk factor in hyper- 
tension and 1s not closely related to the level of blood 
pressure. In primary hypertrophy (hypertrophic 
cardiomyopathy) ventricular arrhythmias are com- 
mon, and sudden death is known to occur. We 
investigated the frequency of ventricular arrhyth- 
mias by 48 hour ambulatory monitoring in 90 treated 
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hypertensive patients and 30 normotensive control 
subjects; in addition, all patients had a standard 12 
lead ECG and cross sectional echocardiography 
from which left ventricular mass was calculated 
using the short axis area-length method. Ventricular 
tachycardia (VT) (23 complexes) occurred in 13 
(14%) of 90 hypertensive patients and in none of the 
controls (р < 0-01). There were no differences in age 
or in duration of hypertension in patients with or 
without VT, although blood pressure levels 
(mmHg) were slightly higher in those with VT 
(169-5 (6:7)/110-1 (8:3) {vs 152:5 (2:6)/98:3 (2-1), 
p<0 05). In those with УТ ECG evidence of left 
ventricular hypertrophy was more common and left 
ventricular mass was significantly greater 
(221 9 (21-6) g vs 157-1 (6-6), p < 0-01). Forty hyper- 
tensive patients (4495) had no ECG evidence of 
hypertrophy: VT was less common in this group (3 
of 40), but couplets and ventricular extrasystoles 
occurred more commonly than in the control group 
and mean left ventricular mass was significantly 
higher (148-5 (9:8) g vs 111-9 (6:7) g, p «0 01). 

Thus ventricular arrhythmias are common in 
patients with left ventricular hypertrophy secondary 
to hypertension and occur with increasing frequency 
and complexity as left ventricular mass increases; as 
with other forms of cardiac hypertrophy, the 
increased mortality associated with left ventricular 
hypertrophy in hypertensives may be related to the 
frequency of ventricular arrhythmias. 


Potassium homoeostasis following acute myo- 
cardial infarction—the effect of beta blockade 


M P Petri, A Zezulka, J Cockroft, R E Nagle 
Selly Oak Hospital, Birmingham 


To document the effects of acute myocardial 
infarction (АМТ) on potassium homoeostasis, eryth- 
rocyte (RBC) and plasma (P) potassium were mea- 
sured serially in 36 patients with definite AMI. Six 
of these subsequently developed primary ventricular 
arrhythmias (VA), another five were on chronic 
diuretic treatment (D'T), and 22 cases were uncom- 
plicated (UC). Eleven of the 36 patients received 
intravenous metoprolol followed by oral metoprolol 
and 10 received an identical regimen of placebo. 
Sampling was performed on admission, a mean of 8 
hours after symptom onset; one hour later; at 24 
hours; and 5—7 days later Plasma potassium (mmol/! 
(1 SD)) was significantly lower on admission in both 
VA (3-62 (0-2)) and DT (3-60 (0-36)), compared with 
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UC patients (4-17 (0:4)) (p 20:0008, p 20-03). By 24 
hours only the DT patients remained hypokalaemic 
(3:57(0-44) (VA 390(026, UC 3:99 (0-34)) 
(p=0-02). Thus, normokalaemia was achieved 
within the first 24 hours in the VA patients 
(p=0 007) but was delayed in the DT patients 
(р =0:02). RBC potassium (mmol/kg dry weight of 
erythrocytes) was higher on admission in the VA 
patients (287(32)) (DT 244(33), UC 262(35), 
p=0-07). This difference became significant at 24 
hours (VA 294(29); DT 256(25); UC 258 (25), 
p=0-01). There were no differences in either RBC 
potassium or plasma potassium between the met- 
oprolol and placebo treated patients- To investigate 
further the use of beta blockade in the prevention of 
post-infarction hypokalaemia, plasma potassium was 
measured on admission in 30 consecutive patients 
with definite infarction who were only excluded from 
the previous study because they were taking chronic 
beta blockade. Admission plasma potassium was 
significantly higher in the beta blocked patients 
(4 38(0-42)) compared with the 36 patients not 
taking beta blockade (4-00 (0-42)) (p —0-002). The 12 
patients taking concurrent diuretic therapy were 
equally protected (4-12 (0-42). 3:60 (0-36) (p =0:03)). 
Both selective (14) and non-selective (16) agents 
appeared equally effective. 

We conclude that changes in cellular as well as 
plasma potassium occur early after AMI, particu- 
larly in patients developing VA, and could be adre- 
nergically mediated. Chronic but not acute beta 
blockade is effective in the prevention of post- 
infarction hypokalaemia. 


Exercise induced ST elevation post-infarction: 
prognostic importance and relation to site of 
infarct 


C E Handler, E Sowton 
Guy's Hospital, London 


The prognostic importance, the mechanism, and the 
relation of exercise induced ST segment elevation to 
the site of infarction are unclear. Of 339 consecutive 
patients with acute infarction, 222 had a submaximal 
predischarge stress test. The sites of infarction were 
anterior in 94 (4294) patients, inferior in 76 (3495), 
posterior in 6 (395), and subendocardial in 46 (21%). 
ST shift was recorded in 109 patients: ST depression 
in 62(28%), ST elevation in 77(35%), and both 
elevation and depression in 30(13%) patients. New 
or additional ST elevation occurred in 73 (42%) of 
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the 176 patients with Q wave infarcts and in four 
(9%) of the 46 patients with non-Q wave infarcts 
(p<0-0001). In patients with Q wave infarcts, ST 
elevation always developed over the site of recent 
infarction, occurring in 54 patients with anterior 
infarcts and in 19 with inferior infarcts. Exernonal 
ST elevation was significantly more frequent in 
patients with anterior than in those with inferior 
infarcts (p<0-001) but was not, among those with 
anterior infarcts, significantly associated with ST 
segment depression in the inferior leads. By uni- 
variate analysis, induced ST elevation was predictive 
of death during a mean follow up of 14 months 
(range 6-36 months). 

Therefore, predischarge post-infarction exer- 
tional ST elevation is of prognostic importance and 
appears to be influenced chiefly by the site and type 
of infarct. 


Effect of amiodarone on arrhythmia and left 
ventricular function in heart failure 


J Cleland, H J Dargie, I Findlay, J Wilson 
Cardiac Department, Western Infirmary, Glasgow 


Although ventricular arrhythmias are common in 
heart failure and are associated with a poor prognosis 
conventional antiarrhythmic treatment is often com- 
plicated by further myocardial depression. We com- 
pared amiodarone (200 mg/day, after a one week 
loading of 600 mg/day) in 22 patients aged 56 (8) 
years, of whom 19 were men and all of whom had 
heart failure due to left ventricular dysfunction of 
New York Heart Association class II or III, with 
identical placebo in a double blind crossover study 
with three month treatment periods. Patients were 
selected on the basis of heart failure rather than 
arrhythmia. The median daily dose of frusemide was 
120mg/day and 10 were also receiving captopril. 
Visual analogue scores for breathlessness were simi- 
lar on placebo and amiodarone (29 (17) vs 26 (14) cm 
respectively). Resting heart rate fell from 79 (12) on 
placebo to 70(10) beats per minute (р <0:01) but 
blood pressure was unaffected. Treadmill exercise 
performance (modified Bruce protocol) also was 
unimpaired and resting and exercise ejection fraction 
were similar on placebo and amiodarone (12:2 (3:8) 
vs 12:7 (3) minutes, 24 (10) vs 25 (12)%, and 25 (14) 
vs 28 (13)% respectively). Amiodarone reduced ven- 
tricular extrasystoles (900 vs 175 per 24h, p « 0-001, 
median values), complex ventricular arrhythmias (27 
vs 2 per 24h, p « 0-001), and ventricular tachycardia 
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(9 vs О per 24h, p « 0-001). Three patients died on 
placebo and two were withdrawn from amiodarone, 
one with a developing myocardial infarction and 
another with worsening atypical ventricular tachy- 
cardia. 

Amiodarone suppresses ventricular arrhythmias 
without deterioration ın cardiac status as assessed by 
symptoms, exercise performance, and radionuclide 
ventriculography in patients with heart failure. 
Occasionally it may exhibit proarrhythmic effects. 


Lipoprotein profiles in veteran endurance 
athletes and age matched subjects with 
coronary artery disease and controls 


R J Northcote, G Canning, K-M San D Ballantyne 
Victoria Infirmary, Glasgow 


Increased plasma total cholesterol, very low density 
lipoprotein (VLDL), and possibly total triglyceride 
concentrations may be associated with an increased 
risk of coronary artery disease (CAD). In contrast, 
high density lipoprotein (HDL) and in particular its 
subfraction HDL, has been shown to have a strong 
negative correlation for the presence of CAD. Stren- 
uous exertion has been shown to have a beneficial 
effect on plasma lipoproteins. The long term effects 
of exercise training on plasma lipoproteins, however, 
have not been described. We measured plasma lipo- 
proteins in 20 male lifelong endurance runners with 
a mean age of 52 years, а group of normal controls, 
anda group of subjects with known CAD. АП groups 
were closely matched in terms of age, body mass 
index, and dietary fat intake. Plasma total cholesteral 
was slightly higher in those with CAD (p=NS). 
Plasma total-triglyceride, however, was significantly 
increased compared with both controls and athletes, 
as was VLDL which was raised in both controls and 
those with CAD (p «0-01). Total HDL was higher 
in the athletic group than in the controls (p « 0-01) 
and in subjects with CAD (p «0 05). Plasma HDL, 
was significantly higher in the runners 67(25-1) 
mg/dl than in the controls (49(26-7) mg/dl, 
р <0:001) and in those with CAD (33 (22:5) mg/dl, 
p<0-001). HDL, was significantly lower in controls. 
Thus the HDL, to HDL, ratio was 0-286 in athletes, 
0-243 in controls, and 0-155 in those with CAD 
(p<0-01). 

These results suggest that habitual endurance 
improves the plasma lipoprotein profile with regard 
to risk for CAD. 
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Is myocardial metabolism uniform? 


Ann Tweddel, W Martin, I McGhie, I Hutton 
Department of Medical Cardiology and Cardiac 
Surgery, Royal Infirmary, Glasgow 


Fatty acids are important substances for myocardial 
metabolism at rest and during ischaemia. The myo- 
cardial handling of radioisotope labelled fatty acids is 
thought to provide a measure of myocardial metabo- 
lism as well as perfusion. Iodine-123 labelled hep- 
tadecanoic acid can be imaged using a standard 
mobile gamma camera interfaced to a computer for 
the analysis of washout curves for the whole heart 
and the three regions of interest appropriate to the 
three major coronary arteries. Sixteen apparently 
healthy volunteers (10 males and 6 female) were 
scanned in the 30°-40° left anterior oblique 
projection after the administration of 40 mBq of fatty 
acid. Initial distribution of fatty acid mirrored that of 
thallium-201. Mean left ventricular fatty acid wash- 
out (t2 in minutes) was similar for males (40-1 (2-1) 
min) and females (41-5 (5 7) min). In the left ventric- 
ular territory supplied by the left anterior 
descending artery, mean washout was 35-4 (1:5) min 
in men and 38 (4:8) min in women. Washout was 
slower in the territory supplied by the circumflex 
artery (44 (2-8) min male, p « 0-01; and 42-5 (4-9) min 
female) and considerably slower in the inferior por- 
tion of the ventricle supplied by the right coronary 
artery (51-3 (2-8) min male, p < 0-01; and 54 (7-1) min 
female, р « 0:05). No background subtraction was 
used because regions of interest over the lung gener- 
ated washout curves suggestive of active metabolism, 
and blood clearance curves suggested an acceptably 
low measure of activity within 15 min in males and a 
mean of 11 min in females. 

In conclusion, there appear to be significant 
regional differences in myocardial metabolism, and 
this has implications in the assessment of the patient 
with coronary artery diseasc. 


Non-invasive haemodynamic assessment of 
mitral prosthetic function by Doppler 
ultrasound 


I A Simpson, J С Rodger, A C Tweddel, 

А B Houston, I J Reece, 

University Departments of Medical Cardiology and 
Cardiac Surgery, Royal Infirmary, Glasgow 


Forty one patients with a mitral valve prosthesis (28 
tissue, 13 mechanical) were assessed by means of 
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pulsed and continuous wave Doppler ultrasound. 
Cardiac catheterisation including biplane left ven- 
tricular angiography was performed in 38 patients. 
Mean valve gradients were obtained in 28 patients 
and ranged from 0 to 18 mm Hg (mean 5-8 mm Hg). 
Continuous wave Doppler was performed from the 
apical position using a Vingmed Alfred Velocimeter 
in conjunction with spectrum analysis and valve gra- 
dients were calculated using the modified Bernoulli 
equation. Mean Doppler gradients ranged from 0 to 
12 mmHg ‘mean 5-4 mmHg) and correlated well 
with those obtained independently at catheterisation 
(r=0-85). One patient with significant prosthetic 
stenosis at catheterisation was correctly identified by 
a prolonged mitral pressure half-time of 410ms 
(compared with <200 ms in all non-obstructed 
prostheses) and two patients with obstructed 
mechanical prostheses (mutral pressure half-time 
>500ms) had operation without catheterisation. 
Mitral regurgitation was identified in 17 patients at 
angiography (mild in four, moderate in three, and 
severe in 10). Continuous and pulsed wave Doppler 
performed in all patients detected mitral regur- 
gitation in 16 of the 17 patients and the extent of left 
atrial turbulence correlated well with the severity of 
regurgitation at angiography (r-- 0-88). 

In conclusion, pulsed and continuous wave 
Doppler ultrasound can provide an accurate non- 
invasive haemodynamic assessment of mitral pros- 
thetic valve function. 


Sensitivity of echocardiography in infective 
endocarditis 


P Nihoyannopoulos, R A Foale, B Stockins, 

C M Oakley 

Cardiovascular Unit, Royal Postgraduate Medical 
School, Hammersmith Hospital, London 


We prospectively studied 55 consecutive patients 
with a first episode of native valve endocarditis to 
evaluate the sensitivity of cross sectional echo- 
cardiography in the depiction of valvar vegetations 
and the potential sources of error. The underlying 
cardiac abnormality was of non-rheumatic origin in 
26 patients with the infection located at the aortic 
valve in 12, the mitral valve in 10, and the tricuspid 
value in four. In 20 others the heart was previously 
normal with the aortic valve involved in eight, the 
mitral valve in six, aortic and mitral valves in one, 
and tricusrid valuc in five. Only nine patients had 
previously паа valve abnormalities of rheumatic ori- 
gin (six aortic, two mitral, one aortic and mitral). 
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Vegetations were recognised in 34(62%) patients, 
two of whom also had aortic root abscess. Seven 
more were found to have vegetations at operation or 
at necropsy (false negatives). No false positives were 
identified among 29 patients with anatomic 
confirmation of vegetations. The sensitivity of cross 
sectional echocardiography in predicting vegetations 
was 78% in patients who previously had a valvar 
abnormality of non-rheumatic origin, and all of the 
vegetations that were missed involved heavily 
calcified aortic valves. Sensitivity was 93% in those 
who previously had a normal heart but only 33% in 
patients with rheumatic heart disease. The overall 
sensitivity of the method was 76%. There was no 
difference in the predictive accuracy according to 
which valve was infected. 

Cross sectional echocardiography is a sensitive 
method for detecting vegetations and intracardiac 
abscesses except in rheurnatic valve disease and 
calcific aortic stenosis, when its diagnostic accuracy 
18 low. — . 


Inappropriate left ventricular hypertrophy in 
mild hypertension: echocardiographic study 
in middle aged subjects 


T Crake, Caroline Westgate, L M Shapiro 
National Heart Hospital, London 


A prospective echocardiographic study was per- 
formed in 106 patients (35—60 years) with hyper- 
tension. Patients were excluded if there were other 
causes of left ventricular hypertrophy (L VH), myo- 
cardial infarction, or LV dilatation. LVH (posterior 
wall or septal thickness z1:3cm) was present in 
67(64%) and was severe (21:8 сп) in 31 (299%). 
Most hypertensives showed a linear гејапоп with a 
significant (p«0-001) but modest correlation 
between the systolic blood pressure (BP) and LV 
mass and ratio of wall thickness to cavity radius 
(H:R) (r=0-77 and 051 respectively). Seven 
patients, however, could be identified with mild 
hypertension (systolic BP 145-165 mmHg) who 
differed in their LV response to increased systolic 
BP. Their LV mass and H:R were at least as great as 
those found in severe hypertensives and their calcu- 
lated systolic wall stress was substantially lower. 
These seven patients appear to have inappropriate 
LVH. In this group of patients with inappropriate 
LVH there was a relatively uniform echo- 
cardiographic appearance with pronounced wall 
thickening and a small to normal sized LV cavity. 
The peak rate of dimension increase and wall thin- 
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ning were significantly reduced from normal 
(p<0-001). The presence of severe LVH in mildly 
hypertensive patients was a relatively common 
finding and such patients appear to present a consis- 
tent echocardiographic appearance with a small 
hypertrophied ventricle and abnormal diastolic 
properties. These findings are important because 
LVH ıs a strong predictor of increased cardio- 
vascular mortality. 


Pitfalls in the comparison of Doppler 
estimates of aortic flow velocities with cardiac 
catheterisation data 


F Carreras, B C Thwaites, G Castle, L Shapiro, 
R Donaldson 

National Heart Hospital, London, and Hospital de 
Sant Pau, Barcelona, Spain 


We have compared the Doppler derived peak left 
ventricular-aortic pressure gradient with the peak to 
peak gradient measured at catheterisation in 30 con- 
secutive cases. Three cases of aortic stenosis with 
unsatisfactory recordings were excluded. In the 
remaining 27 cases an excellent correlation (0 82) 
was obtained between the two methods. While 
underestimation of jet velocities is a technical pitfall, 
there are also conceptual pitfalls, especially when the 
Doppler gradient exceeds the catheter gradient; our 
series included five such examples. In these, the dif- 
ferences in gradient between the two methods were 
82, 47, 36, 36, and 29 mm Hg. The major explanation 
for these differences is that the peak Doppler gra- 
dient is an instantaneous gradient which 1s not 
equivalent to the peak to peak pressure gradient mea- 
sured at catheterisation which measures two non- 
instantaneous pressures. The maximum instanta- 
neous gradient is greater than the peak to peak one, 
with the difference diminishing as the severity of an 
aortic stenosis increases. Thus, in mild aortic steno- 
sis the Doppler gradient exceeds the peak to peak 
gradient, a difference enhanced by increased flow 
with aortic regurgitation. Echo-catheter obser- 
vations separated in time and variations in heart rate 
also contribute to differences. All five of our anoma- 
lous cases had moderate or severe aortic regur- 
gitation with increased aortic flow as the prime cause 
of unexpectedly high Doppler velocities. To avoid 
such pitfalls, attention should be directed towards 
the spectral signal in aortic valve disease; the mor- 
phology of forward jet velocities; the morphology, 
intensity, and mapping of aortic regurgitant veloci- 
ties; and the subvalvar velocities. Peak Doppler gra- 
dients are often compared with peak to peak gra- 
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dients with generally good results, but unless the 
incompatability of the two measurements is recog- 
nised, misleading clinical data will be obtained in 
certain cardiac conditions. 


Assessment of pulmonary hypertension by two 
Doppler echocardiographic methods 


B C Thwaites, F Carreras, L Shapiro, С Castle, 
R Donaldson 

National Heart Hospital, London, and Hospital de 
Sant Pau, Barcelona, Spain 


Non-invasive assessment of the degree of pulmonary 
hypertension is of prime clinical importance. Using 
two Doppler echocardiographic methods we have 
estimated pulmonary artery (РА) systolic pressure in 
21 patients undergoing cardiac catheterisation. The 
cardiac abnormality was rheumatic in eight, coro- 
nary disease in four, mitral valve prolapse in three, 
congestive cardiomyopathy in three, and calcific aor- 
пс valve disease 1n two. In one patient no organic 
heart disease was documented. The main PA flow 
velocities and the flow velocities of tricuspid regur- 
gitation (TR) were recorded at each Doppler study. 
From the spectral display of pulmonary velocities 
obtained, the time to peak velocity (TPV) and the 
right ventricular ejection time (RVET) were mea- 
sured, The maximum velocity of TR (Vmax) was 
determined from the spectral trace and the modified 
Bernoulli equation (gradient=4 х Vmax?) was 
applied to find the peak gradient between the right 
ventricle and the right atrium. А small correction 
was made for right atrial pressure estimated clin- 
ically and the right ventricular systolic pressure 
thereby derived. In the absence of obstruction this is 
equivalent to systolic PA pressure. In five patients no 
TR could be documented but in four of them systolic 
PA pressure was 31 mm Hg or less. In two patients 
no PA velocities could be detected. Tricuspid regur- 
gitation estimated systolic PA pressure, TPV, and 
TPV/RVET were correlated with the systolic PA 
pressure measured at cardiac catheterisation (r val- 
ues 0:96, —0-49, —0-38 respectively). Time to the 
peak of the pulmonary artery velocities correlated 
poorly with systolic pulmonary artery pressure, but 
this interval may be altered by several factors, 
especially the compliance of the vascular bed. Pul- 
monary artery pressure derived from the trans- 
tricuspid gradient showed an excellent correlation 
with that obtained at cardiac catheterisation. Pro- 
vided there is tricuspid regurgitation this method 
provides extremely useful clinical information. 
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Coronary blood transit: effects of nifedipine 
assessed by parametric digital subtraction 
angiography 


R Hayward, G Hunter, H Swanton, R Emanuel 
Departments of Cardiology and Imaging, Middlesex 
Hospital, London 


Blood flow through stenotic coronary arteries and 
the effects of nifedipine have been investigated in six 
patients with left anterior descending coronary 
artery disease (> 70% stenosis). The heart rate is 
fixed by pacing. Selective left coronary contrast 
injections were imaged with an ECG gated digital 
system, providing three 256 x 256 pixel matrices per 
cardiac cycle. In the present algorithm, contrast den- 
sity is plotted against time for each pixel. Colour 
coded cardiac images are provided in which areas 
sharing common times to attainment of peak contrast 
density are indicated by isochrones (the Tmax 
image). A further program generates an isochrone 
map based on times to attainment of half peak con- 
trast density (the Т пах image). Times have been 
expressed in terms of cardiac cycles. At basal heart 
rate Tmax was attained within 8-13 cardiac cycles of 
first contrast injection in all myocardial areas; all 
patients showed anteroseptal Tmax and 'T'4max 
delays of 1—2 cycles on isochrone images. After sub- 
lingual nifedipine (10—20 mg) shortening of T'max 
and T max by two cardiac cycles occurred in the 
post-stenotic territory in two patients, with a one 
cycle reduction in the remaining four subjects. Sub- 
anginal overdrive pacing (three subjects) further 
shortened Tmax and T’4max in both normal and 
under-perfused regions, but did not further reduce 
regional perfusion uniformity as assessed by this 
method. 

'This technique is sensitive to physiological 
changes in coronary flow rates. Results suggest that 
rates of flow to the heart downstream of a coronary 
stenosis can be improved with nifedipine. 


Magnetic resonance assessment of left 
ventricular wall motion 


R S O Rees, S R Underwood, P E Savage, 

R H Klipstein, D N Firmin, K M Fox, 

P A Poole-Wilson, D B Longmore 

Magnetic Resonance Unit, National Heart and 
Chest Hospital, London 


Magnetic resonance provides high resolution images 
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of the heart allowing non-invasive assessment of car- 
diac structure and function. This study investigates 
the validity of left ventricular wall motion deter- 
mined by magnetic resonance. Coronal and sagittal 
magnetic resonance images were acquired at end 
diastole and end systole through the aortic valve and 
the plane of widest diameter of the left ventricle 
respectively, using a Picker International machine 
(0-24 tesla). These images were compared with ante- 
roposterior and lateral x ray contrast ventricu- 
lograms by two independent observers. The left ven- 
tricular wall was divided into three segments, and 
the motion of each segment was classified as normal, 
hypokinetic, akinetic, or dyskinetic. Muscle thick- 
ness was classified as either normal or thin in the 
systolic magnetic resonance images. 18 patients were 
studied—2 normal subjects, 9 with previous myo- 
cardial infarction, 4 with coronary artery disease 
without infarction, 1 with congestive cardio- 
myopathy, 1 with mitral stenosis, and one with an 
atrial septal defect. One lateral ventriculogram was 
uninterpretable; thus there was a total of 105 seg- 
ments. Wall motion comparisons were the same in 68 
segments, differed by one class in 32 segments, and 
by 2 classes 1n 5 segments. In three of these 5, mag- 
netic resonance showed the segment to be akinetic 
and thin at the site of a previous infarct, whereas 
ventriculography showed normal motion. The 
fourth was in the patient with atrial septal defect, in 
whom magnetic resonance showed paradoxical sep- 
tal motion which was confirmed by  echo- 
cardiography. In the fifth, magnetic resonance 
showed normal motion without thinning, and ven- 
triculography showed akinesis in a patient with coro- 
nary artery disease without infarction. These 
differences may be explained by the difference 
between the tomographic section and an x ray 
projection. Magnetic resonance showed 20 segments 
to be thin, and these were all in subjects with pre- 
vious myocardial infarction. Only 1 subject with 
infarction (3 months previously) did not have an area 
of wall thinning. 

Magnetic resonance provides an accurate non- 
invasive assessment of left ventricular wall motion 
and wall thinning. 


Myopotential sensing and DDD pacemakers 


J E Sanderson, R B G Palmer, B Y Wright 
Taunton and Somerset Hospital (Musgrove Park 
Branch), Taunton, Somerset 
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Myopotential sensing is a well recognised problem 
with VVI pacing. Therefore, we have looked partic- 
ularly for this potential hazard in our patients with 
DDD pacemakers where there is the possibility of 
both atrial and ventricular sensing, in order to find 
out whether myopotential sensing or inhibition is a 
significant problem in these patients. Seventy-four 
patients with DDD pacemakers were routinely 
assessed by a standard test of pectoral muscle stimu- 
lation. In addition 38 patients had 24 hour ECG 
(Holter) monitoring done 3—5 days and one month 
after implantation. The result from standard testing 
showed that ventricular inhibition was commonly 
produced (63% of patients) but this appeared to be 
responsible for symptoms in only a small number 
(15%) of patients. Atrial sensing was less common 
(16%) but produced symptoms in a much greater 
proportion of patients (42%). The results from the 
24 hour ECG tape recordings showed similar 
findings: 55% of patients were found to have epi- 
sodes of ventricular inhibition (up to 4-65), which 
occasionally occurred during sleep; 11%, had atrial 
sensing; and the percentage of patients with symp- 
toms was also similar (14%, ventricular, 50%, atrial). 
'The symptoms were abolished by reprogrammung 
the pacemaker in all but one patient (although some 
units have inadequate sensitivity ranges). 

This study shows that myopotential sensing is 
common with DDD pacemakers and that routine 
testing by pectoral muscle stimulation is as good a 
screening test as 24 hour ECG monitoring. 


A modified energy delivery system for lower 
energy ablation 


E G Boyd, P M Holt, E Sowton 
Guy’s Hospital, London 


Ablation of atrioventricular (AV) nodal conduction 
has been performed with low energies and active 
fixation electrodes. These catheter electrodes have 
high internal resistances and therefore alter the 
delivered energy time relation. We have investigated 
whether a modified energy system would allow suc- 
cessful ablation using standard USCI electrodes and 
lower energies. In vitro experiments were performed 
with various resistors. A USCI plus 50 ohms pro- 
duced a waveform with characteristics similar to the 
Helifix without a guidewire. Ten patients were 
treated, five male and five female. Nine had par- 
oxysmal atrial fibrillation (AF) and one had dual AV 
nodal pathways. The energy delivery system consis- 
ted of a standard defibillator with a 50 ohm resistor 
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in series with the electrode output. The stored апа 
delivered energy was measured. All shocks were 
delivered cathodally via the distal electrode of a 6F 
bipolar USCI pacing lead. Using a stored energy of 
200 J (delivered energy 99 J), these patients all devel- 
oped complete heart block immediately after the 
procedure. Lower delivered energies failed to pro- 
duce complete heart block. Four patients required 
one shock and six patients required two shocks (max- 
imum total energy delivered 198]). Six patients 
remain in complete heart block while two have first 
degree AV block and right bundle branch block 
(RBBB). These eight patients remain asymptomatic 
and have permanent pacemakers. Two patients 
remain symptomatic, both have RBBB, one with 
additional first degree block. 

Therefore 80%, of our group are asymptomatic on 
no drug treatment. There were no complications. 
Energy requirements for successful ablation of AV 
nodal conduction can be reduced somewhat for the 
USCI electrode if a modified energy delivery system 
is used. This remains less efficient, however, than the 
method incorporating an active fixation electrode. 


Idiopathic infantile hypercalcaemia 
(Williams-Beuren syndrome) and associated 
cardiac anomalies: a clinical and 
echocardiographic study 


U S V Balaram, S Karas, K. A Hallidie-Smith 
Department of Clinical Cardiology, Hammersmith 
Hospital, London 


Idiopathic infantile hypercalcaemia (THC) is often 
recognised to be associated with supravalvar stenosis 
and peripheral pulmonary artery stenosis. Occa- 
sionally, however, there have been reports of other 
associated cardiac abnormalities. As there was no 
previous large cardiological survey analysing the 
incidence and types of various cardiac defects seen 
with this syndrome, the present study was designed. 
Sixty six THC patients with a mean age of 10 years 
were studied. A complete cardiovascular exam- 
ination including recordings of blood pressures in 
both arms and legs was carried out. Cross sectional 
echocardiographic (CSE) recordings were made in 
all standard echocardiographic planes. Pulsed 
Doppler echocardiography (PDE) was used to detect 
any abnormal flow across the cardiac chambers and 
valves. In 58 (88%) cases the blood pressures were 
normal for age, being raised in only six (12%) cases. 
In 17(25%) cases there were clinical features sug- 
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gestive of peripheral pulmonary artery stenosis but 
CSE and PDE demonstrated the lesion in only two 
of these 17 cases because of the more peripheral site 
of obstruction. Coarctation of aorta was resected in 
two (3%) cases and two others had reconstruction of 
aortic root. Echocardiography showed that (a) in 60 
(95%) of 62 unoperated cases in which a good echo- 
cardiogram could be obtained there was evidence of 
abnormal indentation at the sinotubular junction 
and Doppler showed varying turbulence depending 
on the severity of obstruction with minimal or no 
turbulence in those cases with absent neck murmurs; 
(b) eight (12%) cases had bicuspid aortic valve; (c) 
eight (12953 cases showed associated mitral valve 
prolapse; and in three (5%) cases there was valvar 
pulmonary stenosis, with one of these cases having 
associated ventricular septal defect. 

This study indicates that although abnormal aortic 
root and peripheral pulmonary stenosis are the 
important cardiac anomalies associated with THC, 
the occurrence of other associated defects is not 
uncommon. 


Doppler echocardiography following 
anatomical correction of transposition of the 
great arteries 


J L Gibbs, S A Qureshi, R Radley-Smith, 
M H Yacoub 

Killingbeck Hospital, Leeds, and Harefield 
Hospital, Middlesex 


Nineteen patients who had undergone anatomical 
correction of transposition of the great arteries 
between the ages of 1 week and 10 years were studied 
by pulsed and continuous wave Doppler echo- 
cardiography one month to 98 months following 
operation. Systolic aortic velocities were normal in 
all but one patient, but mild aortic regurgitation was 
detected in 10. Elevated flow velocities either at pul- 
monary level, at the pulmonary artery bifurcation, or 
in the left pulmonary artery were detected in four- 
teen patients. Adequate Doppler sampling of the 
right pulmonary artery was not achieved. The site of 
obstruction to pulmonary flow and the presence and 
severity of aortic regurgitation detected by Doppler 
echocardiography correlated well with cardiac cath- 
eterisation performed in 16 patients at a mean inter- 
val of 35 months before study by Doppler. Peak 
velocities across the atrioventricular valves were 
found to be significantly higher than normal, sug- 
gesting that ventricular compliance in this group of 
patients may differ from normal. No pathological 
atrioventricular valve regurgitation was seen. The 
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principal limitation of Doppler echocardiography ш 
this study was the inability to obtain flow velocities 
from the right pulmonary artery. Doppler echo- 
cardiography provides valuable information follow- 
ing the arterial switch operation and may avoid the 
need for repeat cardiac catheterisation. 


Hypoplastic left heart syndrome and 45X 
karyotype 


H van Egmond, W Oreye, D Matthys, H Verhaaren, 
Anne Devloo-Blancquaert 

Paediatric Cardiology Department, State University 
Gent, Belgium 


In reviewing 63 patients with 45X karyotype 
(Turner syndrome) admitted to our institution over 
the period 1972-85, 20(31-7%) had one or more 
cardiac malformations (mostly coarctation and aortic 
stenosis). Of these 20, four (20%) died in the neo- 
natal period with an hypoplastic left heart syndrome 
(HLHS). One infant had a severe mitral and aortic 
stenosis with a very small left ventricle and died at 
age of 35 days. The other three had a typical HLHS 
including aortic atresia and died between the second 
and seventeenth day of life. In three of the four cases 
Turner syndrome (TS) was clinically: suspected. 
One of the clinically suspected T'S had a mosaicism 
(46X X, 45X); the other three had a 45X karyotype. 

Forty patients were admitted to our department 
during the same period with the diagnosis of HLHS; 
there were 15 girls and 25 boys. Of the 15 girls, four 
(26:695) had 45X karyotype. The high incidence of 
HLHS in TS and of TS in girls with HLHS has not 
been recognised in published reports, and HLHS 
should be added to the list of expressions of the 45X 
karyotype. This study also accords with the flow 
theory in which coarctation is regarded as a con- 
sequence of a slight degree of fetal left ventricular 
obstructive disease, HLHS being as extreme form of 
the same malformation. 


Echocardiography and ambulatory electro- 
cardiography in patients with tuberous 
sclerosis 


J L Gibbs 
Non-Invasive Heart Unit, Killingbeck Hospital, 
Leeds 


The purpose of this study was to estimate the inci- 
dence of  echocardiographic and electro- 
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cardiographic abnormalities in patients with tuber- 
ous sclerosis. Eleven patients with tuberous sclerosis 
agreed to participate in the study. Their ages ranged 
from 4 years to 38 years (mean (SD) 20-3 years (13)). 
All patients underwent cross sectional echo- 
cardiography and 24 hour ambulatory ECG mon- 
itoring. In seven of the eleven cases echo dense nod- 
ules ranging from 3 mm to 12 mm in diameter were 
detected within the myocardium. These masses 
occurred most commonly in the ventricular septum, 
but they were also seen in the posterior left ventric- 
ular wall and papillary muscles. In patients with 
abnormal echocardiograms, sinus tachycardia at 
rates up to 150 beats per minute occurred in two 
patients during seizures and in two it was unrelated 
to seizures; paroxysmal abrupt sinus slowing 
occurred in three; and supraventricular tachycardia 
at rates up to 150 beats per minute in two. One 
patient with a normal echocardiogram showed ven- 
tricular pre-excitation with paraxysmal tachycardias 
at rates up to 180 beats per minute. 

In conclusion, echocardiographic abnormalities 
suggestive of rhabdomyoma are commonly seen in 
patients with tuberous sclerosis. Echocardiography 
should be routinely performed in such patients. 
Ambulatory ECG monitoring may detect dis- 
turbances in cardiac rhythm in some cases and 
should be considered when there are symptoms sug- 
gestive of a possible cardiac rather than a cerebral 
aetiology. 


Functional correlates of cardiac rejection 
from intramyocardial markers 


I Amende, А Seegers, R Simon, R Hetzer, 
P R Lichtlen 
Medical University, Hannover, West Germany 


The motion of seven radio-opaque midwall markers 
implanted at operation was followed in eight patients 
at fixed intervals (10—14 days) over 70—165 days after 
orthotopic cardiac transplantation. On the same day 
as right ventricular myocardial biopsy, each patient 
had cineradiography of his markers at 100 frames/s 
in either biplane 30? right anterior oblique (RAO) 
and 60? left anterior oblique (5 patients) or single 
plane 30° RAO (3 patients). A radio-opaque sphere 
of known diameter was imaged at the level of the 
heart to determine the correction factor for x ray 
magnification. Marker volumes were calculated by 
the area-length method using a computer assisted 
system, and ejection fraction, peak ejection rate, and 
peak filling rate were derived. Ejection fraction, end 
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systolic volume, and peak ejection rate remained 
almost constant over the period of observation. At 
times of severe rejection, as evidenced by myocyte 
necrosis in the biopsy specimen, however, there was 
a reduction in end diastolic volume and in peak 
filling rate. Thus systolic function was preserved but 
diastolic function was deranged, a pattern similar to 
that seen in early restrictive cardiomyopathy. After 
resolution of rejection, end diastolic volume and 
peak filling rate returned to baseline values. Com- 
pared with histological evidence of severe rejection, 
the functional correlates from markers yielded a sen- 
sitivity of 86% and a specificity of 94%. 

In conclusion (a) histological evidence of severe 
rejection in transplanted hearts is associated tempo- 
rally with abnormal diastolic function and relative 
preservation of systolic function of the left ventricle, 
and (b) serial cineradiography of implanted markers 
in transplanted hearts may be a useful non-invasive 
tool for timing myocardial biopsy to detect rejection. 


Do hyperkalaemic cardioplegic solutions 
damage vascular endothelium?—studies on 
vascular responsiveness in the rat heart 


C B R Saldanha, MV Braimbridge, D J Hearse 
Heart Research Department, The Rayne Institute, 
St Thomas’ Hospital 


Although cold chemical cardioplegic solutions are 
widely used for myocardial protection during open 
heart surgery, their effects on the vascular endo- 
thelium have not been characterised 1n detail. Pro- 
tection of the vascular endothelium should be of 
great importance since damage to it predisposes to 
platelet deposition, atherosclerosis, thrombus for- 
mation, and myocardial infarction. Using the iso- 
lated Langendorff perfused rat heart, we measured 
the effect on coronary flow (ml/min) of optimally 
active concentrations of either 5-hydroxytryptamine 
(1 x 107? mol/l) or papaverine (5 x 107° mol/l). 
The drugs were added to the perfusate (37°C, 60 cm 
H,O perfusion pressure) for a three minute period 
before and after 30 minutes of hypothermic infusion 
(20°С, 100 cm H,O) with a cardioplegic solution 
containing 25 mmol/l potassium. Before cardioplegia 
both 5-hydroxytryptamine and papaverine caused a 
similar increase in coronary flow (4-21 2(1-6)% and 
+22-8(1:6)% respectively; eight hearts in each 
group). After cardioplegia the response to 
5-hydroxytryptamine was completely lost and a 
slight vasoconstriction was observed (—0-2(1-2)%), 
whereas there was no significant change in the 
response to papaverine which maintained a 
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423-7(1.4)9, vasodilatation. Since 5-hydroxy- 
tryptamine is thought to exert its vasodilatory effect 
mainly via the release of an endothelium dependent 
relaxant factor, the results indicate that hyper- 
kalaemic crystalloid cardioplegic solutions may 
injure the endothelium or some aspect of its func- 
tion. This conclusion is reinforced by the mainte- 
nance of the vascular response to papaverine which 
acts directly on the smooth muscle cells and is inde- 
pendent of the endothelium. 


Do cardiac glycosides exert positive 
inotropism in sinus rhythm? 


LB Tan, R G Murray, A C Tweddel, I Hutton 
University Departments of Cardiology, 
Birmingham and Glasgow 


In this bicentenary year of cardiac glycosides the 
debate centres around whether digitalis can exert 
positive inotropism in heart failure with sinus 
rhythm. Using a newly developed analytical method 
which enables us to identify inotropic changes in an 
exercising patient, this question was studied in 10 
cardiac failure patients (New York Heart Association 
classes III and IV) at rest and during exercise. Нае- 
modynamic data were collected before treatment 
(C), after acute intravenous ouabain (O), and after 
six weeks of maintenance treatment with digoxin 
(D). There were no detectable inotropic changes at 
rest after either glycoside. During exercise, however, 
three of the patients after ouabain and six after 
chronic digoxin therapy demonstrated true positive 
inotropic effects, as shown by greater hydraulic 
power outputs of the hearts, compared with those 
achieved during C, that could not be accounted for 
by alterations in peripheral resistance, heart rate, or 
filling pressure. The heart rates during exercise were 
not significantly different (125 (8-6) C, 120 (7-3) O, 
and 122 (45) D bpm). There were significant falis in 
left ventricular filling pressures from 39 (3) mm Hg 
(C) to 34 (3) (О) (p < 0-06), and to 33 (3) (D) (p < 
0-02). The cardiac hydraulic power outputs for all 
patients rose significantly from 1-54 (0-63) W (C) to 
1-80 (0-67) W (О), (p < 0-01) and 1-96 (0-85) W (D), 
(р < 0-01). 

In conclusion, both intravenous ouabain and 
chronic oral digoxin can exert true positive inotropic 
effects during exercise but not at rest in a subset of 
heart failure patients with sinus rhythm. 
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Sensitivity and specificity of coronary artery 
bypass graft patency estimation by cine 
computed tomography 


MR Rees, К M MacMillan, S Reiter, J Rumberger, 
A Feiring, V Maranhao, D L Clark 

Killingbeck Hospital, Leeds and Deborah Heart and 
Lung Center, University of Iowa, USA 


The sensitivity of cine computed tomography 
(CCT) in the determination of coronary artery 
bypass graft patency was assessed. Computed 
tomographic scans were performed on the Imatron 
C-100 scanner in two views (transaxial and 20° 
oblique) at eight simultaneous contiguous Icm levels 
from the ascending aorta at the level of the highest 
myocardial graft clip through the aortic root to the 
level of the proximal coronary arteries. The scan 
time was 50 ms with an 8 ms interscan delay. Scans 
were performed with ECG triggering every other 
beat at the peak of the R wave over a period of 20 
cardiac cycles. A bolus of 35—39 ml of contrast was 
injected intravenously, over a period of 3-6 s 
depending on catheter diameter. All injections were 
made with a Medrad injector. Results in 21 patients, 
four female and 17 male, aged 32-77, with 51 grafts 
were compared with those of cardiac catheterisation. 
Forty-seven (92%) of 50 grafts were correctly 
identified by CCT. One further graft was identified 
by CCT which was not present by catheterisation. 
Overall accuracy was 90%. Thirty-four of 37 patent 
grafts were correctly identified (92% sensitivity) and 
13 of 14 occluded grafts (93% specificity). Time 
density contrast curves were constructed from areas 
of interest placed in the ascending aorta and in the 
grafts and the curves were compared to assess graft 
flow. Graft flow was designated as good if the time 
density curve in the graft corresponded to the aortic 
curve and poor if there was delayed contrast clear- 
ance. Flow in the grafts could also be assessed visu- 
ally by projecting the flow study in a movie mode 
format. This aided in graft identification (two false 
positive results). Streak artefact was considerably 
reduced compared with conventional CT. Of the 46 
patent grafts, qualitative flow evaluation in 45 by 
CCT agreed with catheterisation. 


Beneficial effect of beta blockade in aortic 
stenosis 


B Stockins, Shaughan Dickie, P Nihoyannopoulos, 
] P Lavender, W J McKenna, Celia M Oakley 
Hammersmith Hospital, London 
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Pharmacological treatment of patients with 
significant aortic stenosis and preserved left ventric- 
ular systolic function is controversial. This study 
was performed to evaluate the effects of beta blockers 
in such patients. Fifteen consecutive symptomatic 
patients with aortic stenosis (gradient > 50 mm Hg, 
ejection fraction 75595) underwent technetium- 
99m radionuclide cineangiography and exercise elec- 
trocardiography in the basal state and after one week 
of 100 mg atenolol daily. During atenolol] there was 
a decrease in resting heart rate (72(14) to 58(12) beats 
per minute, p<0-01), and in systolic (124(25) to 
107(12) mm Hg, p « 0-05) and diastolic arterial pres- 
sure (83(12) to 707) mm Hg, р<0 01). Exercise 
induced angina and dyspnoea were improved in all 
patients; exercise duration increased from 7:0(2:5) 
min to 11-4(2-7) min, (p « 0-001). Peak ejection rate, 
time to peak ejection rate, ejection time, peak filling 
rate, time to peak filling rate, and time of exercise 
were compared. During atenolol treatment peak 
ejection rate decreased from 3-1 (6) to 2-6 (6) edv.s^ ! 
(p « 0-05), ejection time increased from 386 (27) ms 
to 421 (32) ms (p<0-01), and peak filling rate 
increased from 2:43 (0-7) to 2-72 (0-7) edv.s™! 
(p<0-05). There was no change in the ejection frac- 
tion, time to peak ejection rate, and time to peak 
filling rate. 

These results indicate that beta blockers can be 
used safely and beneficially in symptomatic patients 
with aortic stenosis and preserved left ventricular 
systolic function. Their efficacy is probably due to 
lengthening of diastole with improvement of ventric- 
ular filling and coronary blood flow. Though sudden 
death might thereby be prevented the benefits 
should not encourage delay in aortic valve replace- 
ment. 


Effects of enalapril on renal function in heart 
failure 


J Cleland, G Gillen, H J Dargie, J I S Robertson 
Cardiac Department, Western Infirmary, Glasgow 


Since glomerular filtration rate (GFR) in heart fail- 
ure 1$ thought to be maintained by constriction of the 
efferent arteriole by angiotensin II, treatment with 
angiotensin converting enzyme (ACE) inhibitors 
could impair renal function. We investigated the 
effects of enalapril and placebo in a double blind 
study on blood pressure, renal function, and plasma 
angiotensin II after one week (acutely), after eight 
weeks (chronically), and one week following with- 
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drawal of treatment. Acutely, enalapril lowered 
mean blood pressure from 105 (15) to 95 (20) mm Hg 
(p<0-01) but increased effective renal plasma flow 
(ERPF) from 305 to 320ml/min; however, GFR and 
filtration fraction fell from 71 (23) to 62 (19) ml/min 
(p « 0-01) and from 0-26 to 0:20 (p «0-01). Chroni- 
cally, ERPF increased further to 348 ml/min 
(p«0-01), though mean blood pressure fell further 
to 88 mm Hg (p « 0-005), as did GFR and filtration 
fraction to 57 (22) mlímin and 0-17 (0-05) 
respectively (p < 0-01). Plasma angiotensin 11 con- 
centrations which were similar at both times during 
treatment (12(9) and 9(5) pmol/l) returned to pre- 
treatment concentrations (64(32) pmol/l one week 
after withdrawal. Despite this, ERPF remained 
increased at 320 ml/min and mean blood pressure 
reduced at 95 mm Hg (p « 0:05) but GFR returned 
to placebo values at 67 ml/min. During chronic 
enalapril treatment there was no evidence of total 
body sodium retention despite the fall in blood pres- 
sure and СЕҢ; clinical improvement occurred and 
exercise time increased (p « 0:01). Thus the effects of 
ACE inhibitors on renal function are complex, time 
related, and cannot be attributed entirely to sup- 
pression of circulating angiotensin II. 


Cardiovascular fitness improves the coronary 
risk profile 


I Findlay E Henderson, R Taylor, S Grant, 
H J Dargie 
Cardiac Department, Western Infirmary, Glasgow 


The continuing popularity of jogging may be fuelled 
at least partly by the belief that it has a preventive 
effect on the development of coronary heart disease. 
We investigated the effects on coronary risk factors, 
body composition, and cardiac function of a 30 week 
structured running programme in 26 sedentary mid- 
dle aged men (mean age 43 (2) years) entering their 
first marathon. Mean total jogging time increased 
from 1 to 8 hours per week; body weight fell from 
78-2 (10-2) to 74-7 (9-4) kg (mean(SD)) and body fat, 
calculated by densitometry, from 24 (3) to 20 (3)% 
(all p € 0-001). Mean caloric expenditure which was 
estimated from oxygen consumption measurements 
obtained during treadmill exercise and from diary 
mileages was 64000 kcal; despite the fall in body 
weight and fat there was an increase in mean caloric 
consumption of 1000 kcal per week. Fasting plasma 
cholesterol concentration fell from 6-4 to 5-7 mmol/l 
(p<0-01) but high density lipoprotein cholesterol 
did not change (1-18 and 1-23 (0-4); tgriglycerides 
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fell from 1:52 (0-8) to 1:26 (0-5) mmol/l (p < 0-02). 
Resting systolic blood pressure fell from 132 (15) to 
113 (16) mm Hg (p « 0-001) and diastolic blood pres- 
sure from 84 (16) to 74 (10) mm Hg (p<0-05). 
Eleven men smoked initially (range of consumption 
10—60 cigarettes per day) but eight had stopped by 
the end of the study. Cardiovascular fitness as 
assessed by maximum oxygen uptake increased from 
341 (6) то 38-7 (5) ml/kg/min (p<0-001). Thus 
dynamic exercise training reduced the blood pres- 
sure, body weight, body fat, and plasma lipids 
and increased cardiovascular fitness, leading to a 
pronounced improvement in coronary risk profile. 


Impairment of left ventricular function in 
diabetics—evidence for a specific heart muscle 
disease 


B M Fisher, H J Dargie, G Gillen, E Henderson, 
B M Frier 
Cardiac Department, Western Infirmary, Glasgow 


Diabetes is a major risk factor for death from heart 
disease, but the relative contributions of large and 
small vessel disease to the impairment of left ventric- 
ular function previously noted in diabetic patients is 
unclear. We investigated left ventricular function in 
56 asymptomatic long standing insulin dependent 
diabetics aged 30—49 years who had had diabetes for 
6—35 years (mean 17 years) and in 30 age and sex 
matched non-diabetic controls by means of radio- 
nuclide ventriculography at rest and during supine 
dynamic exercise. Mean resting left ventricular ejec- 
tion fraction (LVEF) (56%) in diabetics was normal 
and was no different from that in controls (54%). 
During exercise, ejection fraction rose less in 
diabetics (9-095) than in controls (13-795, p < 0-005). 
'The exercise response was abnormal—that is failed 
to rise by > 5% in 18 diabetics, of whom three devel- 
oped repolarisation abnormalities on exercise elec- 
trocardiography. Coronary arteriography was per- 
formed in eight patients with an abnormal exercise 
ejection fraction response and showed no evidence of 
large vessel coronary artery disease in any subject. 
Myocardial biopsy specimens showed features con- 
sistent with a diabetic microangiopathy in all 
diabetic patients with thickening of precapillary 
arterioles and interstitial fibrosis on light micro- 
scopy, and basement membrane thickening or redu- 
plication on electron microscopy. 

'Thus the left ventricular functional impairment 
which was present in one third of these asymp- 
tomatic diabetic patients during exercise may be due 
to a specific diabetic heart muscle disease. 


Correspondence 
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Radionuclide ventriculography in coronary artery 


disease 


Sir, 

The title of the paper by Dr Wieshammer and 
colleagues—“Limitations of radionuclide ventricu- 
lography in the non-invasive diagnosis of coronary 
artery disease" (1985; 53 :603-10)—deserves com- 
ment, lest it be taken to imply that radionuclide ven- 
triculography is of limited use in the management of 
patients with coronary artery disease. For the title to 
have reflected all the findings of the study it would 
have been more reasonable to have omitted the 
words “radionuclide ventriculography in”. 

Sensitivity and specificity depend upon the popu- 
lation sampled, and the figures in this paper are not 
generally accepted experience because of the very 
low frequency (25%) of coronary artery disease in 
the patients studied. Most British cardiologists 
would not expect three quarters of coronary arte- 
riograms performed for the investigation of chest 
pain to be normal, and the point is well made that 
classic angina is the best indicator of the presence of 
disease. My own experience at the Middlesex Hos- 
pital, gained from a population defined in the same 
way as that of Wieshammer et al (albeit with a higher 
frequency of coronary artery disease), is that the 
figures for sensitivity and specificity of left ventricu- 
lar ejection fraction are 94% and 90% respectively, 
and as assessed by the standard deviation of the 
phase histogram the figures are 88% and 85% 
respectively.! 

The precise figures are not however the point at 
issue, since no test without perfect specificity is suit- 
able for screening in a population with a low inci- 
dence of a disease. More importantly, left ventricu- 
lar function during stress gives an indication of the 
functional importance of coronary artery disease, 
and is therefore of prognostic value in patients with 
established disease. Irrespective of their coronary 
artery anatomy, patients without evidence of 
ischaemia at maximum exercise do well without 
intervention.? 

It would be unfortunate if the report of Wies- 


hammer et al deterred cardiologists unfamiliar with 
radionuclide ventriculography from making use of 
the important contribution this technique can make 
to patient management. 


S R Underwood, 

Magnetic Resonance Unit, 

National Heart and Chest Hospitals, 
30 Britten Street, 

London SW3 6NN. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

In reply to Dr Underwood's comments we wish to 
re-emphasise that our study assessed the role of 
radionuclide ventriculography in the primary diag- 
nosis of coronary disease only. We have neither 
stated nor implied that it is of limited value in the 
management of patients with established coronary 
disease but rather we share Dr Underwood's opin- 
ion about its usefulness in the latter setting. 

Each patient who was misdiagnosed by radio- 
nuclide ventriculography and referred for coronary 
bypass surgery had ischaemia at maximum exercise 
as shown by angina, ST depression, raised left ven- 
tricular filling pressure, or a combination of these 
indicators. T'he response of left ventricular ejection 
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fraction to exercise was reported to be 53%-89% 
sensitive and 49%-100% specific for coronary dis- 
ease.! ? Because of these wide ranges "generally 
accepted experience" is not easy to define. As we 
pointed out in our paper, the figures for sensitivity 
and specificity primarily depend upon the research 
design. Ve would like to focus on one method- 
ological standard that is hardly ever adhered to in 
comparable studies. That is the avoidance of a post- 
test referral bias which occurs if the outcome of the 
exercise test influences a patient's likelihood of 
undergoing coronary angiography and thus of being 
included in the study. Preferential selection of posi- 
tive test responders will increase the apparent dis- 
ease frequency and will result in a falsely low 
specificity and falsely high sensitivity. То our 
knowledge there is no previous study on radio- 
nuclide ventriculography which meets this criterion 
and reports the number of eligible patients who 
refused to undergo coronary angiography and there- 
fore had to be excluded. Adherence to this standard 
accounts for the low frequency of disease in our 
study group. We are unable to comment on the 
study design and the results cited by Dr Underwood 
because the paper he cites has not yet been pub- 
lished. 
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Notices 
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Cardiovascular therapy 

An International Symposium on Cardiovascular 
Therapy, organised by the Portuguese Society of 
Cardiology and sponsored by the Clinical Council of 
the International Society and Federation of Cardiol- 
ogy, the European Society of Cardiology, and its 
Working Group on Cardiovascular Drug Therapy, 
will be held in Lisbon on 3 and 4 February 1986. 
Inquiries to: Professor Salomão S Amram, Por- 
tuguese Society of Cardiology, Campo Grande 
28-4C, 1700 Lisbon, Portugal. 


Fetal cardiovascular echography 

A symposium of Current Status and Future Devel- 
opments in Fetal Cardiovascular Echography will be 
held at Erasmus University, Rotterdam, on 25 and 
26 April 1986. Further information from: Office for 
Post Graduate Medical Education, Erasmus Uni- 
versity Rotterdam, POB 1738, 3000 DR Rotterdam, 
The Netherlands. 


British Cardiac Society 


The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 


Checking of references 


The British Heart Journal has been able to provide a 
reference-checking service but can no longer do so; 
other journals had ceased to offer this many years 
ago. In future authors should take great care to 
check at source any reference they cite, or confirm 
references previously filed by using Index Medicus 
rather than the published work of another author, 
which may perpetuate errors. 


Exercise and arrhythmias 


А symposium on exercise in the diagnosis and evalu- 
ation of treatment of arrhythmias, arranged jointly 
by the working group on exercise physiology and the 
working group on arrh i and electro- 
physiology of the European Society of Cardiology 
with the Hellenic Cardiological Society, will be held 
in Athens on 17 to 19 April 1986. Further informa- 
tion may be obtained from: Professor D V Cokkinos, 
Cardiology Department, Tzanio State Hospital, 
5 Dorylaiou Street, 11521 Athens, Greece. 


Cardiac pacing and electrophysiology 


The VIIIth World Symposium on Cardiac Pacing 
and Electrophysiology will be held in Jerusalem on 7 
to 11 June 1987. Inquiries to: Dr S Feldman, c/o 
Secretariat, PO Box 50006, Tel Aviv 61500, Israel. 
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